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SUMMARY 


Potassium para-aminosalicylate (KPAS) was administered to 120 patients 
with tuberculosis. 

One hundred fifteen (96 per cent) tolerated 12 gm. daily doses of KPAS 
without difficulty. There were no evidences of potassium toxicity. 

Plasma PAS concentration studies revealed that KPAS is more rapidly 
absorbed and yields significantly higher values than either PAS or NaPAS. 

KPAS is ideally suited for use in patients with congestive heart failure, 
pregnancy, or other situations in which use of the sodium salt is precluded. 

The 10 per cent solution of KPAS was used for “desensitizations” of 
those who had acquired sensitivity reactions to PAS compounds. 

It is concluded that KPAS is superior to other forms of PAS. 
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TUBERCULOSIS: 


EVERY PHYSICIAN’S 
PROBLEM 


By 
J. ARTHUR MYERS, M.D. 


Professor of Internal Medicine and Public Health 


Medical and Graduate Schools, University of Minnesota 


Emphasis is placed upon the duty of the physician in every phase of medical 
practice to determine whether tubercle bacilli are lurking in his patient’s 
body. Steps to be taken to avoid serious consequences of tuberculous infec- 


tion are presented in detail. 


- The different types of pathogenic tubercle bacilli and the various species 
of animals they invade are discussed. Attention is called to non- 
pathogenic acid-fast bacilli from the standpoint of avoiding errors in 
diagnosis 


The relative values of the tuberculin test, the X-Ray film, and bac- 
teriological findings are presented with reference to accuracy in diag- 
nosis. 

Evidence is presented to show that innate resistance to tubercle bacilli 
does not differ in persons of various ages of life or among the various 
races of people. 


Discusses the abandonment of several practices and teachings which 
have become useless because of changed situations in some parts of the 
world and others which have never been useful but are still employed. 
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In editing the Discussion and Summary of the original manuscript of the 
article entitled “Streptovaricin. 1. Discovery and Biologic Activity” by Paul 
Siminoff et al., published in the April, 1957 issue of the Review (vol. 75, p. 576), 
the phrase streptovaricin is not cross-resistant with streptomycin or any of the com- 
monly employed antimicrobials was changed to read: does not give rise to resistance 
to streptomycin, et cetera. It is feared that this might be inferred to mean that 
microorganisms exposed to streptovaricin are incapable of developing resistance 
to other antimicrobial drugs, rather than the intended meaning that bacteria 
which have become resistant to other drugs are still susceptible to streptovaricin. 


In the legends for figures 1 and 2 of the article entitled “Surface Alteration 
Studies of Mycobacterium Tuberculosis with Trypsin” by Warren E. Engelhard 
and Shigeichi Uyeno, published in the August, 1957, issue of the Review (vol. 
76, p. 279), the word sulfate should be changed to sulfide. 
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Aerial Dissemination of Pulmonary Tuberculosis 
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Received for publication May 7, 1957 


In this era of military pacts and forced alliances, it is refreshing to belong to a 
heterogeneous group of men and women who are not bound together by anything 
at all that is tangible, yet refuse to be separated in spirit. I have in mind the 
members, past and present, of the Bellevue Chest Service. The magical spell 
which holds them together was cast by Dr. J. Burns Amberson, and the wizardry 
to perpeturate this feeling has apparently been passed along, after years of 
apprenticeship, to the associate sorcerers who now run this service. As a member 
of the larger group who came briefly but permanently under the Amberson spell, 
I can say that my aspirations were lifted by him above their previous earthy 
level. If they have since become air borne, it is possibly because of an interac- 
tion between the Amberson spell and that of another wizard whom I found 
irresistible in the aerial sphere, Professor William F. Wells. 

My first association with Professor Wells occurred between 1934 and 1937 
when I was a medical student at Harvard. Wells was working at the Harvard 
School of Public Health defining the characteristics of air-borne droplet nuclei, 
pointing out the differences in the aerodynamic behavior of dust and droplet 
nuclei, and grasping with amazing swiftness and certainty the importance of 
aerodynamics in air-borne contagion. The many hours I spent with Wells did 
not improve my scholastic standing, but did give me the privilege of keeping 
pace for a while with a man whose mind took giant strides from peak to peak 
and quickly encompassed a new and fertile territory. I believe that in 1937 
Wells had already grasped the major implications of organisms riding on air- 
borne droplet nuclei, and in the twenty years which have since elapsed he has 
tested one after another. The latest contribution, to be discussed today, provides 
a critical test of certain concepts which, if accepted, can scarcely fail to have 
tremendous impact on medical thinking and on hygienic practice. Discussion of 

' Founded and sponsored by physicians of the Bellevue Hospital Chest Service, New 
York, New York. The Amberson lecture will be delivered each vear at the annual meeting 
of the National Tuberculosis Association and its medical section, the American Trudeau 
Society 

? Associate Professor of Environmental Medicine and Medicine, Johns Hopkins Uni 
versity, Baltimore, Maryland 
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this work on this occasion is appropriate for the additional reason that the 
organism best suited to provide essential quantitative information on aerial 
dissemination of contagion happened to be the tubercle bacillus. For many 
reasons, therefore, some scientific and some sentimental, I am pleased beyond 
measure to have the honor of giving the second Amberson lecture. 

Three years ago Professor Wells and I joined forces for the second time and, 
with the invaluable help of a number of other people whom I shall mention in a 
little while, the research on which this lecture is based was accomplished. The 
limited objectives were: first, to test the hypothesis that spread of pulmonary 
tuberculosis between patients and nurses on a hospital ward is primarily air 
borne; and, second, to provide practical help, if possible, in limiting aerial 
dissemination of tuberculosis. A broader objective was to gain insight into the 
basic mechanisms by which respiratory contagion is transmitted. 

The plan of attack on the first objective was based on the following line of 
reasoning. By referring to tuberculin conversion rates reported in the literature, 
a reasonable figure can be chosen to represent the rate of infection of tuberculin- 
negative nurses who are exposed on a tuberculosis ward. Assuming tentatively 
that this infection is entirely air borne, one can estimate, on the basis of Wells’ 
quantum theory of aerial dissemination, the volume of ward air containing a 
single infectious unit. Then, by exposing guinea pigs to the air of a tuberculosis 
ward, under conditions which are controlled and which preclude the possibility 
of infection by any route other than aerial, the rate of infection of guinea pigs 
can be determined and the volume of air containing a single infectious unit 
calculated, using this figure. With the value so obtained as the standard of 
reference, one can then determine, to a first approximation, whether enough 
infectious units are present in the air of the ward to account for the rate of in- 
fection in nurses. If so, evidence would be at hand favoring air-borne infection 
as the primary mechanism involved. 

The most important feature of this reasoning is the introduction of a quanti- 
tative relationship between guinea pig infections, known to be air borne, and 
human infections, the mechanism of which is unknown but tentatively assumed 
to be air borne. If the quantitative relationship is satisfied, important evidence 
will have been adduced in favor of the hypothesis that hospital infections of 
nurses are primarily air borne and, of more general importance, solid evidence 
in favor of Wells’ quantum theory will have been recorded. 

The physical, scientific, psychologic, and medical conditions which must be 
fulfilled in order to obtain quantitative data on the aerial transmission of infec- 
tion from patients to guinea pigs are of a most exacting sort. First, it is neces- 
sary to find a hospital where research of this type is wanted. Then it is necessary 
to find a suitable experimental ward. Since fresh air entering the ward reduces 
the number of infectious particles in the air and thereby reduces the likelihood 
that a guinea pig, or a nurse, will become infected in a given period of time, it is 
essential to know and to stabilize the amount of fresh air entering. This in itself 
is a large order. It is then necessary to devise a means of exposing guinea pigs 
to the air of the ward without at the same time letting them contribute to the 
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air their unmistakable and rather unsavory odor. This can be accomplished by 
placing the guinea pig exposure chamber in the exhaust duct leading from the 
ventilating system of the ward to the outdoors. If, in calibrating the ward be- 
fore patients are admitted, virulent organisms are released into the air, special 
provisions must be made to protect the rest of the hospital from hazard. Finally, 
when suitably infectious patients have been selected, the research program must 
be explained to them and their cooperation gained so that they accept residence 
on the experimental ward willingly and without apprehension. 

These things have now been accomplished, but it would be misleading to 
imply that they were accomplished with ease. For ten years before Baltimore 
accepted the challenge, Dr. John Barnwell had been trying to find the proper 
combination of facilities and personnel; and Dr. Joseph Stokes, as Chairman of 
the Committee on Air Hygiene of the Veterans Administration, had given 
staunch support. Their efforts were repeatedly frustrated, but their belief in the 
importance of the study was never shaken. Eventually, in their persistent prob- 
ings to find ways and means, they came to Baltimore where a new tuberculosis 
hospital was being built and where my interest was known to be keen. Through 
the farsightedness of the late Dr. Joseph L. Lilienthal, Jr., who was head of the 
Department of Environmental Medicine of The Johns Hopkins University 
School of Hygiene and Public Health, Professor Wells and his assistant, Mrs. 
Cretyl Mills, were incorporated into the department, and a joint venture with 
the Veterans Administration was launched. 

At the Veterans Administration Hospital we surveyed the situation with Dr. 
Irving Cohen, who was manager of the hospital at that time. Through his inti- 
mate knowledge of the engineering details of the building, a six-room suite of 
rooms with an independent air-conditioning system was found. It had been 
designed as a psychiatric restraint ward, but with a few structural changes and 
the relaxation of a few inhibitions it could serve our purpose. For the next two 
and a half years this ward and its air-conditioning system were modified, con- 
trolled, and calibrated until all conditions believed necessary for the study were 
satisfied. A description of this phase of the work has appeared recently in Tue 
AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY D1ISEASEs (1). 

In spite of the superb facilities made available to us by the Veterans Admin- 
istration, we lacked money for running expenses. I turned to Dr. Canby Robin- 
son, who was then executive secretary of the Maryland Tuberculosis Association. 
He quickly sensed that our project might have merit and supported us strongly. 
Since then the Maryland Tuberculosis Association has made substantial contri- 
butions and for the past two years many of the constituent county societies, 
encouraged by a letter from Dr. Robinson’s successor, Mr. Frank Jones, have 
given additional help. 

At the working level the original team, of which I was designated responsible 
investigator, included Professor Wells, Mrs. Mills, and Dr. Ross McLean, soon 
to become Director of Professional Services of the hospital. When the stage of 
infecting animals was reached, we were joined by Dr. Walenty Nyka, pathologist 
of the hospital; and when the time came for patients to occupy the experimental 
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ward, Dr. Patrick Storey, head of the medical service, came to our assistance. 
Dr. James D. Murphy, the present manager of the hospital, is tolerant of our 
eccentricities and provides support that is quiet but very firm. 

The reaction between infectious patients and susceptible guinea pigs began in 
our ward-sized experimental chamber last summer. I should like to discuss in 
some detail the theoretical aspects of this reaction and the results to date. 

It is essential, first of all, to define a quantum of air-borne contagium since 
the quantitative reasoning stems from this definition. As you see, it is the least 
amount of infectious material which, when breathed by a tuberculin-negative 
nurse, causes the tuberculin test to convert to positive. This is the unit of air- 
borne infection. 

The volume of air breathed by a nurse during the period of exposure required 
for 63 per cent of tuberculin-negative nurses to convert to positive contains one 
quantum of contagium. This relationship establishes the theoretical basis for 
estimating the volume of air containing one quantum from the tuberculin con- 
version rates in a group study. The 63 per cent enters into consideration because, 
by the laws of chance, some nurses will have breathed more than one quantum 
at a time when other nurses have breathed none. It so happens that when 63 
per cent have converted, the total number of quanta inhaled by all nurses will 
be equal to the total number of nurses. The volume of air containing one quan- 
tum is thus the volume breathed per nurse at this time. 

Let me assure those of you who failed to follow this reasoning that you have 
missed a nice theoretical point, but one which is not necessary for your under- 
standing of the rest of the paper. I have attempted to describe, for the record, 
the proper method for determining the average time of exposure before a nurse 
inhales a quantum of infection, but, as will appear shortly, this time varies so 
much between different studies recorded in the literature that the figure which 
was actually taken in designing our experiment was based more on common 
sense than e to the minus x (e-*). 

A sample calculation shows how a quantitative relationship between infec- 
tion in nurses and infection in guinea pigs was first predicted and then tested. 
Since an approximate figure for tuberculin conversion rates in nurses on the 
experimental ward is needed, an estimate on the basis of reports of others is 
made, as discussed below. From this estimate the expected concentration of 
quanta of tuberculous infection in the air of the ward is calculated. The actual 
infectiousness of the air is then determined from the number of infections occur- 
ring in guinea pigs breathing ward air. We are then in a position to see whether 
the actual infectiousness of the air corresponds to that which was expected. It 
is obviously important not to underestimate the tuberculin conversion rate in 
nurses since this determines the expected degree of infectiousness. Our estimate 
is that six months would be required for 63 per cent of tuberculin-negative nurses 
to convert to positive as a result of working on the experimental ward. This was 
arrived at as follows. 

In a limited study of the literature, aided greatly by reviews by Eleanor 
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Connolly (2) and McLeod Riggins (3), reports were found by Israel, Hethering- 
ton, and Ord (4) from the Philadelphia General Hospital and by Spencer 
Schwartz (5) from the Trudeau Sanatorium which, according to our recalculation 
of the data, indicated a 63 per cent conversion time of about six months in both 
cases. In the early years covered by Myers, Boynton, and Diehl (6) in their 
report from Fairview Hospital, the conversion time may have been a little 
shorter. In the other reports that I have seen, the 63 per cent conversion time 
is longer than six months and in many instances much longer. Reports from 
Bellevue Hospital, for example, by Amberson and Riggins (7) and later by Rig- 
gins and Amberson (8), indicate a 63 per cent conversion time of about eighteen 
months. A recent personal communication from Dr. Julia Jones regarding the 
Bellevue experience over the eighteen-year period from 1930 to 1948 suggests 
that the 63 per cent conversion time averaged about eighteen months for the 
entire period. In a report by Barnwell and Beckerman (9) from the University 
of Michigan Hospital, less than 63 per cent of the original nonreactors had con- 
verted even after thirty-six months. I do not presume to have studied the sub- 
ject of conversion rates in nurses beyond the point that seemed necessary for 
present purposes. I do feel reasonably sure, however, that in assuming a 63 per 
cent conversion time of six months, we are assuming a more rapid conversion 
rate than one would expect to find on our experimental ward. 

Now to complete the calculation indicated above: Since the volume of air 
breathed per nurse before becoming infected contains 1 quantum, it remains 
simply to estimate this volume. If the tuberculin conversion time is six months 
and one month is required for conversion after infection has occurred, there 
would be five months’ exposure before infection. We have assumed that a nurse 
works a 40-hour week, hence in five months approximately 800 hours. If she 
breathes about 20 cu. ft. of air per hour, she will have breathed in 800 hours 
approximately 16,000 cu. ft. of ward air. This then, huge as it is, represents a 
conservative estimate of the volume of ward air containing one quantum of 
tuberculosis contagium. 

A question which had to be answered in planning the exposure of guinea pigs 
was this: How many guinea pigs must breathe ward air in order to infect an 
appreciable number each month, say 3 guinea pigs per month? The calculation 
in terms of the theory is simple if one makes the additional assumption of parity 
in the number of infectious particles which constitute a quantum of contagium 
for a guinea pig and for a nurse. Wells had reason to believe, on the basis of 
extensive experience with experimental air-borne infection of rabbits with bovine 
tubercle bacilli, that this assumption of equal susceptibility was not unreason- 
able, and it was the assumption on which we worked. 

To continue with the calculation, if one quantum of contagium is contained in 
16,000 cu. ft. of ward air, 3 quanta will be contained in 48,000 cu. ft. If 3 guines 


pigs are to be infected per month, it will be necessary, in terms of the theory, 


for the guinea pig colony as a whole to breathe 48,000 cu. ft. per month. Only if 


they breathe this tremendous quantity of air is it reasonable to expect that 3 
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units of air-borne infection will be implanted on guinea pig lung tissue. Since 
one guinea pig breathes in the neighborhood of 240 cu. ft. per month, the num- 
ber of guinea pigs required to breathe 48,000 cu. ft. is approximately 200. 
To recapitulate, the conditions believed necessary, on the basis of theory, to 
infect 3 guinea pigs per month by exposure to ward air are the following: 
(1) Infectious patients on the ward 
(2) Controlled ward ventilation, such that 30 to 40 cu. ft. per minute 
per patient of fresh air enters the system 
(3) Enough guinea pigs, breathing ward air continuously 

Our first guinea pig was infected in October, 1956, and for the five months 
extending through February, 1957, the following conditions existed on the pilot 
ward: Six patients occupied the ward most of the time but their infectiousness, 
as judged by the sputum Gaffky counts, varied from 0 to VII; the ward ventila- 
tion was steady, approximately 37 cu. ft. per minute per patient of fresh air 
entering; the guinea pig colony was being built up gradually, but the average 
number exposed was 

The results for the period October, 1956, through February, 1957, were as 
follows: 17 guinea pigs were infected, the monthly rates being 2, 3, 1, 7, and 4; 
the average monthly rate was 3.4 guinea pigs infected; the calculated volume of 
ward air per quantum of contagium was approximately 12,000 cu. ft. 

Infected guinea pigs were identified by tuberculin testing the entire colony 
at monthly intervals. No animal was counted as infected unless, in addition to 
a positive tuberculin test, there was pathologic confirmation at autopsy by 
Dr. Nyka. 

These findings show a remarkable correspondence between theory and prac- 
tice. Theory predicted 16,000 cu. ft. of air per quantum; guinea pig infections 
indicate 12,000 cu. ft. Because the air was a little more infectious than antici- 
pated, the monthly rate of guinea pig infections was close to 3, even though 
fewer than 200 guinea pigs were exposed. 

A schematic drawing of the pilot ward and the animal exposure chamber may 
be seen in the article in the Review referred to above (1). 

The strongly positive tuberculin reaction with necrotic center which is usually 
found in these recently infected animals is shown in figure 1. Mrs. Mills, using 
technique learned from Dr. Florence Seibert at the Henry Phipps Institute, has 
found that only those reactions exceeding 10 mm. in diameter and showing at 
least a suggestion of a necrotic center should be considered definitely positive 
under the conditions of our experiment. 

All animals showing positive tuberculin reactions are examined at autopsy by 
Dr. Nyka. Those whose lungs are infected with tuberculosis invariably show a 


single tubercle measuring about 3 mm. in diameter (figure 2). These guinea pig 


* Precautions employed on the pilot ward were exactly the same as in other parts of the 
hospital. The patients were instructed to cover their coughs. They wore masks only when 
they left the ward. Meals were served at the bedside. Doctors, nurses, and others entering 
the pilot ward observed the usual routine with respect to wearing masks and gowns and 


the washing of hands 
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Fic. 1. Positive tuberculin reaction in a guinea pig. 


Fig. 2. Guinea pig lung containing a single tubercle 
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Fic. 3. High power magnification of the tubercle shown in figure 2. 


autopsies are dramatic experiences for us. The consistent pathologic finding of a 
single tiny tubercle provides convincing evidence that infection, when it occurs, 
is produced by a single infective droplet nucleus. 

This makes possible a revision of our earlier definition of a quantum of air- 
borne contagium. A quantum may now be defined as the smallest number of 
infective droplet nuclei which, when inhaled into the lung, results in the devel- 
opment of a tubercle. The number of infective droplet nuclei constituting a 
quantum of contagium undoubtedly varies with the host-parasite relationship. 
In the guinea pig it is probably close to one. The results of this study suggest 
that it is not very different in the case of the tuberculin-negative nurse for, as 
you will recall, the number of guinea pig infections is running close to the number 
predicted on the assumption of equal susceptibility 

A close-up of the tubercle is shown in figure 3. To date every tubercle found 
in a guinea pig lung has been visible on the surface. Dr. Nyka is very skilful at 
spotting these characteristic pearly white nodules 

In figure 4 a more comprehensive picture is presented of the experimental 
conditions and findings. The months since patients and guinea pigs were first 
brought indirectly into contact are shown on the left. Each room on the pilot 
ward is represented by a vertical column, and the infectiousness of the sputum 
of the patient occupying the room is indicated by the degree of blackness. White 
areas indicate either that the room was vacant or that the patient’s sputum 
was negative for tubercle bacilli. Several of the patients produced drug-resistant 
organisms but special tests showed these organisms to be infectious for guinea 
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PATIENTS GUINEA PIGS 
PRODUCING DETECTING AERIAL INFECTION 
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thes 3 then 4 Goffky 
—4 NUMBER OF GUINEA PIGS INFECTED 


Fic. 4. Chart showing characteristics of patients, number of guinea pigs exposed, and 
rate of infection of guinea pigs from start of experiment to date 


pigs when inhaled as droplet nuclei. On the right side of the chart the number 
of guinea pigs in the exposure chamber is shown. It may be seen that the number 
of animals has increased gradually. The number of guinea pigs infected each 
month is shown in the first column on the right side. You will note that no ani- 
mals were infected in July, August, or September, presumably because the 
number of infectious patients was small and the number of guinea pigs was also 
small. When the number of guinea pigs was increased, infections began to appear. 
In recent months the infectiousness of the patients and the number of guinea 
pigs have both been high, and the number of infections has likewise been rela- 
tively high. One cannot expect a close correlation because the Gaffky count is 
obviously a very crude way of estimating the number of infectious droplet nuclei 
produced by a patient. Guinea pig infections during March, as indicated by 
tuberculin tests at the end of April, were probably five in number, but have not 
yet been confirmed pathologically 

Here it may be seen that 19 animals have turned tuberculin positive, and that 
in 17 the diagnosis of tuberculosis has been confirmed pathologically by Dr 
Nyka (table 1). In 14 cases there was a single tubercle in the lung, in 2 a micro- 
scopic tubercle in a hilar node, and in one a tubercle in the spleen. There was no 
pathologic confirmation on two occasions. The three cases in which the lung was 
apparently used as a portal of entry without the development of a macroscopic 
pulmonary tubercle are of great interest. In Max Lurie’s article in 1930 on the 
route of infection in naturally acquired tuberculosis of the guinea pig (10) he 
pointed out that tubercle bacilli could penetrate the intestinal mucosa without 
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TABLE 1 
Guinea Pies Inrecrep py Warp AiR 
(October, 1956 through February, 1957) 


Positive tuberculin tests 19 
Pathologic confirmation 
Tubercles in lung 14 
Tubercles in hilar node 2 
Tubercles in spleen 1 W 
No pathologic confirmation 2 
TABLE 2 
Guinea Pies Lyrecrep spy Warp AIR 
(October, 1956 through February, 1957) 
Bacteriologic confirmation 
Culture of lung tubercles attempted 12 
Cultures positive for M. tuberculosis 10 
Culture contaminated l 
No growth after one month 1 12 


setting up any lesion at the site of entry. ““When tuberculosis develops by way 
of the respiratory route,”’ he went on to say, “the lung is nearly always affected, 
but even here the tracheobronchial lymph nodes may be the seat of extensive 
tuberculosis without any macroscopic tuberculosis of the lung.” 

Bacteriologic confirmation of the presence of tubercle bacilli was attempted 
twelve times and has been successful on ten occasions to date (table 2). 

While claiming solid quantitative evidence relating to the aerial dissemination 
of tuberculosis, | do not wish to leave the impression that we deny other mech- 
anisms of transmission. Doubtless the relative importance of different routes 
varies in special situations. Our evidence suggests that there are approximately 
the right number of infectious particles in the air to account for infections occur- 
ring in hospitals. A reasonable interpretation would seem to be that air-borne 
infection may be the most important mechanism of spread. 

An intriguing aspect of this study is the concept of single quanta of infec- 
tion separated by many thousands of cubic feet of air. This concept explains a 
number of otherwise mysterious phenomena. It accounts for relatively rapid 
tuberculin conversion rates in nurses, yet at the same time it accounts for the 
fact that people may breathe the air of a tuberculosis ward for a considerable 
period of time without becoming infected. It thus accounts both for infection 
and for absence of infection. It points up the fact that air-borne infection is 
intermittent and not continuous. 

The experimental data support the ideas on air-borne contagion which Wells 
has been developing, and which he and his associates have been publishing, over 
the past twenty years (11). These ideas do not constitute a reversion to miasmic 
theory, according to which bad air from marshes or even from hospitals was 
thought capable of transmitting disease over considerable distances outdoors. 
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On the contrary, air-borne contagion is considered an extension of direct con- 
tact, occurring indoors and requiring the same close proximity in time and 
space between host and victim which is characteristic of the contagious diseases 
of childhood. Through the medium of infective droplet nuclei, produced by 
coughing, sneezing, talking, and laughing, the infectious patient makes contact 
indirectly with all who breathe the air of the same enclosed space. However, an 
extended period of time may be necessary before the potential victim breathes 
enough air to stand a serious chance of becoming infected. 

In conclusion, I should like to refer briefly to an experiment which was per- 
formed before patients occupied the pilot ward and which has already been 
published (1). Rabbits were placed in one of the rooms and the air was artifi- 
cially contaminated with bovine tubercle bacilli. All of the rabbits became in- 
fected. When other rabbits were exposed under similar circumstances but with 
ultraviolet irradiation of the air in the upper part of the room, none became in- 
fected. Since the evidence which I have presented today suggests that most 
hospital infections are air borne and since contaminated air can be rendered 
harmless by ultraviolet irradiation, we infer that most of the spread of pulmonary 
tuberculosis can be stopped by purifying the air in spaces occupied by open cases. 
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INTRODUCTION 


One by one, the complications of primary tuberculosis in children have yielded 
to increasingly effective antimicrobial therapy. Now, attention is focused on 
management of the primary disease itself. Several reasons for this change in 
emphasis may be advanced: Tuberculous infection in childhood is no longer 
complacently viewed as inevitable; increased interest in periodic tuberculin 
testing is likely to result in earlier detection of primary tuberculosis of known 
duration; and long latent primary infections are now being recognized as the 
probable source of an increasing proportion of newly diagnosed cases of adult 
tuberculosis. 

Recently, Dr. Robert Debré of Paris said (1): 


The important problem at present is whether all cases of primary tuberculosis 
whether latent or not—should be treated as soon as they are recognized. . . . The ne 
cessity of applying treatment to recently contaminated children would be established 
if it were demonstrated that it is thus possible to prevent generalized, acute tuber 
culosis, secondary bone and other localizations, and lastly, chronic pulmonary tuber 
culosis in adolescents and adults. 


Only continuing research over many years can determine whether antimi- 
crobial therapy of primary tuberculosis can meet all of the conditions posed by 
Debré. Studies must include controls to determine the current and probably 
changing course of untreated primary tuberculosis and to provide a continuing 
yardstick for measuring the effects of antimicrobial therapy. Large numbers will 
be required because undesirable sequelae are relatively infrequent. Moreover, 
children with primary tuberculosis must be observed long after they become 
adults to determine the effects of antimicrobial therapy of primary disease on 
the later appearance of pulmonary tuberculosis. 

Edith Lincoln recognized the promise of isoniazid in the prevention of compli- 
cations of primary tuberculosis (2) and studied 100 children in a randomized 
series at Bellevue Hospital. Seeing the need for a more comprehensive investiga- 
tion, she interested the U. 8. Public Health Service and a number of pedia- 
tricians in a cooperative study, which began in January, 1955, 21 pediatric 
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clinics participating. By June 1, 1957, a total of 2,750 children were under 
observation by 32 clinical investigators in the continental United States, San 
Juan, Mexico City, and Toronto.. The number of cases contributed by each 
investigator is shown in table 1. 

Because of the current interest in the subject, a progress report of the coopera- 
tive study is presented at this time, even though some of the children have been 
observed for less than a year. This report presents only preliminary findings and 
describes some of the material which is being systematically collected to provide 
a basis for continuing observation. The findings pertain only to the earliest 
phase of the study, the development of complications chiefly during the period 
covered by isoniazid administration. 


MATERIALS AND METHODS 


The plan is essentially very simple—the study has been limited to children with asymp- 
tomatic primary tuberculosis. Any child less than three years of age with a reaction of 
at least 5 mm. to the intermediate dose of tuberculin (5 TU) was eligible, while children 
more than three years of age had to have, in addition, roentgenographic evidence of pri 
mary tuberculosis. Any child whose condition required treatment, in the opinion of the 
clinical investigator, was to be excluded: the study was to test the efficacy of isoniazid in 
the prevention of postprimary complications and not its effectiveness in their treatment 

The study was strictly controlled and included the use of a placebo. Each child was to 
take a prescribed number of pills every day for twelve months and to be examined in the 
clinic each month. Isoniazid was given in daily doses of 4 to 6 mg. per kg. of body weight. 
During the second year, each child was to be examined every three months and, during 
the third and ensuing years, every six months. 

The usual management of asymptomatic primary tuberculosis is one of watchful wait 
ing; children are kept under close supervision in order to begin specific treatment as soon 
as any unfavorable change is detected. The physicians responsible for the care of the chil- 
dren in this study have followed that policy with one important addition; they added 
isoniazid for half the children, selected in such a way as to obtain information on the wis 
dom of using isoniazid. Roentgenograms of each child are taken at regular intervals and 
the children are carefully examined for early signs of progressive disease or complications 
Whenever such signs are observed, the physician, without knowing the identity of the 
medication the child is receiving, decides whether the child requires chemotherapy. After 
the decision to substitute specific chemotherapy for the unidentified pills is made, the 
physician is told what product the child had been receiving. 

It was essential that the isoniazid and placebo pills should look, taste, smell, and feel 
alike. To obtain two indistinguishable products, it was necessary to have them manu 
factured according to exacting specifications. The pills were packaged in identical bottles, 
identified only by serial code numbers. Half of the numbers were selected at random for 
bottles of isoniazid pills and the other half for bottles of placebo pills. Each clinic was as 
signed a block of numbers, half placebo and half isoniazid, for children in each of three 
age groups (less than two years of age, two through five years, and more than six years 
and was sent bottles with corresponding numbers. When a child was selected for the study, 
the first unused number in his age group was assigned to him and he was given pills from 
the bottle with the matching number. The bottle was marked with his name and used for 
monthly supplies throughout the year for that child only. 

The individual nature of the assignment of medication makes it possible for each clini 
cal investigator to be sure he does not know which children are receiving the same product 
If all the bottles containing isoniazid had been labeled A and those containing placebo, 
B, each clinical investigator would know which children were in the A group and which 
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TABLE 1 
NUMBER or CHILDREN AsympTomatTic Primary TuspercuLosis UNDER OBSERVATION 
June 30, 1957, py Location 


State City Clinical Investigator 
Alabama Birmingham Dr. S. F. Davis 214 
Colorado Denver Dr. A. Robinson M4 
D.C Washington Dr. J. G. Kety—Dr. J. E. 145 
Boyland 
Florida Miami Dr. M. E. Flipse 39 
Georgia Atlanta Dr. F. T. Fralick 104 
Augusta Dr. R. F. Payne 30 
Columbus Dr. D. J. Sencer Ss 
Savannah Dr. J. L. Alexander 30 
Kentucky Louisville Dr. W. C. Adams 93 
Louisiana New Orleans Dr. R. V. Platou—Dr. R 52 
H. Lennox 
Massachusetts Boston Dr. H. Kaufmann—Dr. D 32 
M. Greeley 
Mexico Mexico City Dr. L. Berlanga Berumen 399 
Dr. A. Gonzales Avila—Dr 
M. Sotomayor 
Michigan Detroit Dr. C. F. Staniszewski a9 
Missouri St. Louis Dr. D. Jones 23 
New York New York Dr. H. E. Alexander 107 
New York Dr. E. M. Lincoln 93 
Brooklyn Dr. S. Starr 18 
Buffalo Dr. T. 8. Bumbalo—Dr. L $1 
J. Plummer—Dr. J. F 
Eagle 
North Carolina Chapel Hill Dr. A. V. Seott 69 
MeCain Dr. W. C. Hewitt—Dr. D 10 
Verhoeff 
Ohio Cleveland Dr. J. B. Stocklen 76 
Oklahoma Clinton Dr. E. H. Sutliff ll 
Oklahoma City Dr. G. I. Lytheott—Dr. H 4 
B. Strenge 
Ontario Toronto Dr. G. L. Boyd 59 
Pennsylvania Philadelphia Dr. E. M. Sewell 66 
Puerto Rico Rio Piedras Dr. P. Diaz de Garau—Dr 320 
J. E. Sifontes 
Texas Corpus Christi Dr. J. M. Sloan—Dr. C. H 16 
Lee 
Dallas Dr. J. 8. Chapman 34 
Houston Dr. K. H. K. Hsu OS 
El Paso Dr. J. C. Postlewaite 196 
Utah Salt Lake City Dr. T. A. Good 34 
Virginia Richmond Dr. E. L. Kendig 116 


Total 
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3000 
Possible 
Actual 


1000 


Number of Cases 


2 15 18 21 24 30 


MRR 


© 


Months of Observation 


Fic. 1. Number of children observed and number of children who should have been ob 


served from one to thirty months 


in the B group. At the beginning of the trial, he would not know whether product A or 
B was isoniazid. However, with the occurrence of a single complication which in his opin 
ion required specific chemotherapy, he would then learn not only what that child was re 
ceiving, but what all of the others were receiving. From that time, he could not be ex 
pected to look at all children with equal objectivity because he might believe those on 
placebo to be at greater risk. However, with the system used, neither the children, their 
parents, nor the clinical staff know which children are receiving isoniazid and 
which placebo 

This preliminary report is based on the experience of each of the 2,750 children for the 
period of time each one had been under observation by’ June 30 of this year. Children who 
entered the study in January, 1955, could have been observed for thirty months, while 
those who entered in May, 1957, could only have been observed for one month. The striped 
area in figure | represents the number of children observed for each of the thirty months, 
while the narrow band above represents the additional number of children who could have 
been observed each month if observations had been complete. Because of the way in which 
isoniazid or placebo was assigned, the isoniazid and placebo groups are equally distributed 
by length of observation. As of June 30, 1,718 children have been observed for at least 
twelve months, 1,151 for at least eighteen months, 549 for at least twenty-four months, but 
only 6 for thirty months 

Perhaps the single most important element in a control study is a method for obtain 
ing two or more groups which are as nearly alike as possible at the beginning of the study, 
and which during the period of observation continue to be subject to the same influences, 
except for the experimental factor. In the present study, the objective was to obtain two 
groups of children with primary tuberculosis as alike as possible at the time they entered 
the study, and to be sure that all factors remained equal for the two groups during the 
study except that one group would receive isoniazid and the other placebo 

Initial characteristics of the groups: Evidence that the system of assigning medication 


resulted in initially similar groups is presented 
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Fic. 2. Percentage distribution of 1,394 children who received isoniazid and 1,356 chil- 


dren who received placebo, by age 


TABLE 2 
AND RactaLt Composition AND AveRAGE AGE or Group or 1,394 CHILDREN 
Receivine Isontazip AND 1,356 Recetvine PLaceBo 


a ee Number of Children Per Cent Average Age (Years 
Racial Group 
Isoniazid Placebo Isoniazid Placebo Isoniazid Placebo 
Continental U. 8." 
White 276 296 19.8 21.8 1.4 4.2 
Non-white 531 489 38.1 36.1 3.5 3.6 
Indian 27 26 2.0 1.9 11.5 12.0 
Puerto Rican 204 207 14.6 15.3 2.9 2.9 
Mexican 356 338 25.5 24.9 5.3 5.6 
Total 1,394 1,356 100.0 100.0 4.2 4.3 


* Includes Toronto 


Both the group which received isoniazid and the group which received placebo were 
about equally divided between girls and boys. The distribution of the ages of the isoniazid 
and placebo groups was practically identical, as shown in figure 2. About 50 per cent of 
each group were less than three years of age, about 10 per cent were less than one year 
Another 25 per cent were between three and six years old, and a final 25 per cent were 
spread in decreasing numbers over the years from six to sixteen 


As shown in table 2, the geographic and racial compositions of the isoniazid and placebo 
groups are very similar. About 20 per cent of each group are continental United States 
whites, nearly 40 per cent are continental non-whites, a few are U. 8. Indians, 15 per cent 
are Puerto Ricans, and 24 per cent are Mexicans. The average age for the isoniazid and 
placebo cases are very much alike for each geographic and racial division. 


Isoniazid 
20 Placebo 
10 
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Fic. 3. Percentage distribution of initial tuberculin reactions of 1,394 children who 
received isoniazid and 1,356 children who received placebo. 


A reaction of at least 5 mm. to the intermediate dose of tuberculin (6 TU) was the prin 
cipal criterion for selecting children for the study. The participating clinics agreed to 
follow uniform procedures for testing, reading, and recording reactions in millimeters 
Each clinic is regularly supplied with fresh PPD-S from the central office in Washington 
so that all of the tests can be made with a uniform product. In interpreting the results of 
the tests, however, it must be recognized that the tests were made and reactions read by 
many different persons and that the tuberculin sent from Washington was not always 
used. For the analysis, it was necessary to exclude tests for 367 isoniazid and 359 placebo 
eases which deviated in product or dosage or were recorded only as ‘‘positive.’’ The re 
maining 1,027 isoniazid cases and 997 placebo cases, 74 per cent of each group, had tests 
with 5 TU of PPD-S (806 isoniazid and 761 placebo), with 5 TU of Sharp & Dohme PPD 
(80 isoniazid and 76 placebo), and with 1:1,000 OT (141 isoniazid and 160 placebo). As shown 
in figure 3, the initial tuberculin reactions of the isoniazid and placebo cases were very 
similar. About 20 per cent of each group had reactions of less than 10 mm., nearly 60 per 
cent had reactions between 10 and 20 mm., and 20 per cent had reactions of 20 mm. or 
larger. The average size of the reactions of isoniazid cases was 13.5 mm. and of placebo 
eases 13.7 mm 

Roentgenograms obtained at specified intervals during observation are collected in the 
central office. In July, a panel of 12 of the clinical investigators selected by a vote of the 
entire group reviewed all! available films without any knowledge of the child, his clinical 
condition, or treatment. No one reviewed films from his own clinic. The films for each 
child were reviewed independently by three members of the panel. Each film was classi 
fied by the location, kind, and degree of involvement 

In table 3, the panel’s detailed readings of the initial films are summarized in three 
broad categories. In the panel’s judgment, approximately 40 per cent of the children in 
both groups had essentially normal films at the time they entered the study. For slightly 
more than 40 per cent, the initial films showed hilar or paratracheal tuberculous involve 
ment, or both processes. Parenchymal disease, usually in combination with hilar or para 
tracheal enlargement, was visible on the initial roentgenograms of 16 per cent 

In each of three age groups, the children receiving isoniazid had types of initial roent 
genographic involvement similar to their counterparts receiving placebo. There were no 
differences by age in the frequency of parenchymal involvement. Children less than four 
years of age more frequently had normal films and less frequently hilar and paratracheal 
abnormalities than children in the older age groups 


The classification of approximately one-third of the films as normal for those more than 


— 
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TABLE 3 
IniTiAL INVOLVEMENT as JupGEpD By EVALUATION PANEL FOR 
CHILDREN IN Isonrazip AND PLaceso Groups Divipep sy AGE 


h 6 
Total Less than 4 &<4 Years More than 

ears Years 
Initial Roentgenographic Involvement 


Isoni Isoni 
azid azid 


Isoni 
azid 


Isoni 


acid Placebo 


Placebo Placebo 
Number of children* 1,376 335 827 788 285 
Per cent 
Negative for evidence of tu 
berculous infection 
Hilar and/or paratracheal ab 
normalities 
Parenchymal? tuberculous le 


16 


* Does not include 18 in the isoniazid group and 21 in the placebo group whose initial 
roentgenograms were not satisfactory 
+ With or without hilar or paratracheal involvement 


four years old requires some explanation, as the original protocol specified that children 
more than three should have roentgenographic evidence of primary tuberculosis. As the 
study progressed, children more than three years of age were admitted without abnormal 
roentgenograms on the basis of a recent dated ‘‘conversion’’ of the tuberculin reaction 
Moreover, in a number of cases, the individual investigator interpreted the initial film 
as abnormal while the panel on whose readings this material is based read the films more 
conservatively and judged them to be essentially normal. In actuality, the inclusion of 
these children broadens the spectrum of primary tuberculosis under study in the older 
ages, ranging now from a positive tuberculin reaction to extensive roentgenographic in 
volvement 

The initial films of 101 children showed calcification only; these were about equally 
divided between the isoniazid and placebo groups. Of this total, 30 children were less than 
four years old, 22 were between four and six, and 49 were more than six. The initial films 
of an additional 197 children showed some evidence of calcification within a lymph node 
or parenchymal lesion: 67 were less than four years of age, 53 between four and six years, 
and 77 more than six vears 

There were 807 siblings in the study, 415 in the isoniazid group and 392 in the placebo 
group. Of the total, 494 were in families of 2, 201 in families of 3, 60 in families of 4, 40 in 
families of 5, and 12 in families of 6 

Early in the study, it was recognized that a separate bottle for each child created cer 


tain problems when more than one child in a family was in the study, and the central office 


suggested that each family be given a single bottle. Some clinics, however, preferred to 
give a separate bottle to each child. Fortunately, 563 siblings either received the same 
bottle or separate bottles which contained the same product. For 244 children who re 
ceived a different product than their siblings, isoniazid was assigned to 122 and placebo 
to 122. The possibility exists that these siblings shared each others pills, thereby taking 
isoniazid some days and placebo others. Adherence in all clinics to the policy of a single 
bottle per family would have been wiser 

A number of children were referred to the participating clinics by their family physi 
cians, and 34 of these (17 in the isoniazid group and 17 in the placebo group) had received 
small amounts of antituberculous drugs before entering the study 

BCG had been received by 52 children from three months to ten years before their 
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diagnosis of primary tuberculosis. These children, 30 in the isoniazid group and 22 in the 
placebo group, come largely from five cities which have BCG vaccination programs for 


infants 


The foregoing material illustrates the initial similarity of the two groups, the 
group which received isoniazid and the group which received the placebo. The 
fact that all of the available information consistently shows the isoniazid and 
placebo groups to be alike initially gives assurance that they were alike also 
with respect to factors that were not measured. 

Interim environment: It is not enough that the children who received isonizaid 
and those who received placebo be similar at the start of the study; it is equally 
important that their environments be similar during the study. To achieve equal 
environmental conditions, dependence is placed on the use of the placebo and 
on a randomization scheme for selecting two large groups on which uncontrolled 
factors may be expected to exert equal influence. The placebo ensured that the 
physician would observe all children with equal concern and that the children 
and their families would be equally motivated. Contact with known cases of 
tuberculosis during the study and the occurrence of nontuberculous illnesses are 
indirect measures of the uncontrolled elements in the environment. 

Among children who had completed at least twelve months of observation, 
about 15 per cent of the isoniazid group and 14 per cent of the placebo group 
were in daily contact with a case of tuberculosis during some part of the twelve 
months. Another 14 per cent of the isoniazid group and 15 per cent of the placebo 
group had at least occasional contact during their first twelve months in the 
study. 

One or more respiratory infections, ranging from a “cold’’ to pneumonia, were 
reported during the first twelve months for 37 per cent of the children who re- 
ceived isoniazid and 41 per cent of those who received placebo. Measles was 
reported for 8 per cent of the isoniazid children and 9 per cent of the placebo 
children, and other contagious diseases were reported for 4 per cent of the 
isonizaid cases and 5 per cent of the placebo cases. 

Regularity of the administration of isoniazid or placebo: It was essential for the 
success of the study that the children in both groups should take their pills 
regularly. Unfortunately, it is not possible to have direct and precise information 
on this question. However, an attempt has been made to classify the children 
according to whether or not they took their pills regularly. If a parent reported 
that the child took his pills every day, if the investigator believed the parent’s 


report was reliable, if the child came regularly to the clinic, and if the child had 


an uninterrupted supply of pills, it has been assumed, for purposes of the present 
report, that the child took them regularly. This represents a maximal estimate. 
Other children must have had lapses of various periods without knowledge of the 
clinician. 

In table 4, the children are divided by the number of months they have been 
in the study and should have taken pills. In both groups, the percentage assumed 
to have taken their pills regularly decreases with time. Approximately three- 
fourths of the children in both groups who had been in the study for at least 
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TABLE 4 
Per or Assumed TO Have Taken Pitts Durine Tiwe 
Have Been in THE Stupy 


Isoniazid Placebo 

Months in Study 

Number of Per Cent Number of Per Cent 

Children Taking Pills Children Taking Pills 
Less than 3 65 59 
3, 4, or 5 126 - 107 93.5 
6,7, or 8 140 112 92 
9, 10, or 11 145 : 163 S2 
12 or more 918 5.2 915 75.6 


twelve months apparently took their full quota of pills. The fact that the per- 
centages are so similar for the two groups is indirect evidence that the parents 
did not know what preparation their children were receiving. 

Some children, 10 in the isoniazid group and 8 in the placebo group, were 
given short courses of specific antituberculous therapy in addition to their 
“study pills’’ to cover surgery or a nontuberculous illness. 

Only 2 children, both receiving isoniazid, stopped taking pills because of drug 
intolerance. Both children developed nausea and vomiting which disappeared 
when the pills were stopped. On re-starting the pills, the symptoms reappeared 
and the pills were permanently discontinued. 

Four children in the isoniazid group died of nontuberculous causes during the 
first year and 2 children, one in the isoniazid and one in the placebo group, died 
of nontuberculous causes after the first year of observation. The cause of death 
for each of these 6 children could be in no way associated with either tuberculosis 
or the medication the children were receiving. Of the 5 children in the isoniazid 
group, one fell off a roof, one died from aspiration of milk, one from leukemia, 
one of pneumonia, and one of bronchopneumonia with pulmonary infarcts. The 
child on placebo died of chronic nephrosis. Both cases of pneumonia and the 
case of nephrosis were demonstrated at autopsy to be nontuberculous 


RESULTS 


This study provides a preliminary estimate of what may be expected of un- 
treated primary tuberculosis today and of what may be gained from an out- 


patient program of treatment of primary tuberculosis with a small daily dose of 


isoniazid for a year. It provides less accurate information on the effectiveness of 
isoniazid per se. 

The procedures followed in the study have had the advantage of preserving 
each participating physician’s independence of judgment and freedom of action. 
However, the investigators have somewhat different opinions about the usual 
course of primary tuberculosis, about the seriousness of some deviations from 
that course, and about the circumstances under which antimicrobial therapy 
may be useful. Therefore, for the analysis, it was necessary to review all cases in 
which there was any evidence of an unfavorable condition, whether medication 
had been changed or not, and to identify those from this group with significant 
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TABLE 5 
Review CLASSIFICATION OF PossiBLE COMPLICATIONS 


Review Classification 


Reason for Review 
Not Significant Pre-existing Significant Change 


Treated by investigator 24 6 62 
Roentgenographic panel con 

sidered as showing indica 

tions for changed medica 

tion 
Roentgenographic increase of 

disease noted by panel 


Total 


changes. A total of 178 children whose course has been in some degree unfavor- 
able have been identified in three different ways: 
1) Physicians in the individual clinics discontinued the assigned pills and 
substituted specific therapy for what they considered unfavorable changes in 92 


children 
?) When reading serial films for each child, 2 or more members of the evalua 


tion panel indicated they would have treated an additional 7 children, if they had 
been the responsible physicians, on the basis of unfavorable roentgenographic 


changes 
3) The serial roentgenograms of 79 children were read by the evaluation panel 


as showing unfavorable changes at some time during observation 


A Complications Review Board composed of six of the investigators was 
chosen by the entire group. Without knowing what medication the child had 
been receiving or whether the medication had been changed, each member of the 
Board independently reviewed the clinical, roentgenographic, and laboratory 
findings for each child in the first two groups. Physicians of the Public Health 
Service with experience in pediatric tuberculosis reviewed the cases in the third 
group in exactly the same way. 

The final classification is shown in table 5 for the 178 cases in which there was 
some degree of unfavorable change, 92 cases in which medication was actually 
changed, 7 cases in which the evaluation panel would have changed medication, 
and 79 cases in which increase of disease was shown roentgenographically. 

The Complications Review Board found no evidence of a significant change in 
the status of the tuberculous infection in 24 of 92 children from whom the uni- 
dentified pills had been actually removed by the investigator and who had been 


placed on specific therapy. For 6 children, the Board decided that, although the 


child’s condition had been unfavorable when medication was changed, the tu- 
berculous complication had been present, usually in a less acute stage, at the 
time when the child was placed in the study. One of the 6 children was in the 
isoniazid group and 5 were in the placebo group. This is consistent with the view 
that isoniazid may have prevented the further development of incipient compli- 
cations. The Review Board considered that significant changes had occurred 
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TABLE 6 


EXTRAPULMONARY CompLicaTions or Primary OccurRING 1,394 
Recetvine Isontazip anp 1,356 ReceivinGc PLaceBo 


First 12 Months Second 12 Months 
Type of Tuberculous Complication 
Isoniazid Placebo Isoniazid Placebo 


Meningitis 


Tuberculoma 

Miliary disease 
Skeletal disease 
Intrapleural effusion 
Tonsillar involvement 


Conjunctivitis 
Clinically ill 


Total 5 26 


* One questionable diagnosis, one not taking pills 


during the study in the remaining 62 instances in which medication was changed. 
The Board also considered that all 7 children whom the evaluation panel would 
have treated showed significant changes in the status of their infection. In the 
opinion of the Public Health Service staff who reviewed the 79 cases originally 
identified by the evaluation panel, there was no significant change in 55, while 


there were definite increases in existing tuberculous involvement or the appear- 
ance of new densities in 24 cases. 

The 178 cases classified in table 5 do not include any cases of lymphadenopathy 
or gastric cultures positive for tubercle bacilli. Wide differences in clinic practice 
exist in the management of lymphadenopathy and in only a few clinics were 
there systematic and repeated bacteriologic examinations of gastric washings for 
children with primary tuberculosis. Individual investigators prescribed specific 
chemotherapy for 5 children with lymphadenopathy and 7 with tubercle bacilli 
found by gastric culture. The Complications Review Board designated as sig- 
nificant 4 of the 5 cases of lymphadenopathy and 4 of the 7 cases of persistently 
positive gastric cultures. All 8 children had been receiving the placebo. These 8 
children are not, however, included in the present comparison since the total 
number of such cases in the study population is not known. 


Extrapulmonary Complications 


Of the 93 significant changes in the status of the tuberculous infection shown 
in table 5, 36 may be classified as extrapulmonary complications and 57 as 
adverse pulmonary changes. The extrapulmonary complications are enumerated 
in table 6, and the cases are briefly described in table 7. 

During the first twelve months when the children were taking pills, 5 tuber- 
culous complications occurred in the isoniazid group and 26 in the placebo group. 
This difference is clearly significant on statistical analysis. 


952 
6 
2 l 
l 2 l 
1 
2 3 


TABLE 7 
SUMMARY OF EXTRAPULMONARY COMPLICATIONS OF PRIMARY ASYMPTOMATIC 
TUBERCULOSIS 


Onset 


Isoniazid 
M year Meningitis : Clinical or, lethargy, vomiting, nuchal rigidity 


hyperactive reflexes, positive Brudzinski and Kernig 


Laboratory: Suggestive cerebrospinal fluid findings, 
culture negative for ac 
Clinical: Fever, weight lo 

toentgenogra phic mottling on initial film (enter 
litis and dehydration 

inical: Lethargy, her 

Roentgenographic: Diffuse mottling 

linieal. Pain, stiffness, and 

neck 
Roentgenogra phic Destr 

tion of T 

Clinical: Fever 


Roentgenographi 


nical: Fever, an ri ) son Vulsons 
ry: Typical cerebro 1 flux ndings 
Meningitis and mi 
Jrowsi ness 


Suggesti 


ypica ceret 


Babinsk 


entgen 


Case Age Sex Diagnosis Ye Ev idence 
First 12 Months 
H. }months| M Miliary weeks 
tuberculosis 
R.W i2months| M Miliary weeks 
tuberculosis 
R I years M _  Skeleta 4 months 
t ber« 
B. J imonths | Pleurisy wit! 4 weeks 
effusion Ee: Efusion, one third of right pleu- 
ra avity 
Placel 
B.A )months | Meningitis 2 weeks Clinical: Fever miting rital ty, lethargy 
Laboratory: Typical cerebrospinal f i findings : 
ture positive for acid-fast bacilli 
DI 5 months |! M ngitis weeks ( 
| 
H.R 10 nths M Meningitis 6 weeks ( 
ratory: cerebrospinal fluid findings 
ture negative for acii-last ba 
8. J months I M ngitis {months Clinical: Vomiting, convulsions sthotonus, bulging 
fontanelle, spastic, blind, deaf 
Lat atory: Suggestive cerebrospinal f i findings 
esidual mental retardation 
V.R 5 nths M Meningitis Sr iths Clinica Feve miting, neck rigidity eft sided 
weakness 
Laboratory : WEEE inal fluid findings, spina 
ck witl iroce ulus. Autopsy Tuberc is 
eningitis 
M gitis g nthe nica Fever ting tal ty n ha gidit 
Lal ator Ve suggestive cerebrospinal 
ngs al ame j gen st les negative, negative 
‘ i-fast bac 
P. ¢ \ nthe 6 weeks Clini Feve ght-sided weakness, nystag 
edema, s ed 
Roentgenogray Arte gra estionable lesior 
ght misphere. Responded to tsoniazid + strept 
vein + PAS 
A M Dube loma 5 nthe Clin Ptosis of left eyelid, left strabis table 
|. Gordon, and Oppenhe er positive 
R Vent grat suggestive of t 
‘ ma. Responded to isoniazid + strept I 
+ PAS 
I ) § months M 2 weeks Clin Feve ting, anorex aly e spleer 
tube Roentgenogra phic: Fine late ttling 
B. ears M Skelet weeks Clinical: No symptoms or signs 
tube sis Roentgenographic: Na wing of space T;-7T ‘ 
faction, ang tior 
Spinal fusion: T:-Ts 
es 8 nths Skelet _— nical: Pain left wd fle n and 
Roentgenog c: Negative 
P. M.A 5 years I Skelet imonths Clinical. High spiking fever, b sis. 8 sis 
tube sis Roentgenogra ‘ lestructio# I 


Case 
B.A 
J.J 
rb 
MoM 
& 
J 
L. M 
LI 
R.A 
M. kK 
i 


Isoniazid 
G. J 


10 


10 


TABLE 7 


tuberculosis 


Continued 


Sex Diagnosis Onset Evidence 
First 12 Months 
month: M Skeletal 7 months Clinical: Back pain 
tuberculosis Laboratory: Culture from perivertebral abscess posi 
tive for acid-fast bacilli 
Roentgenographic: Destruction T-s, Perivertebral ab 
scess 
} years M Skeletal 8 months Clinical. No signs or symptoms 
tuberculosis Roentgenographic: Destruction T»-T 
years I Pleurisy with t weeks Clinical: Malaise, fever no breath sounds 
effusion Roentgenographic: Effusion, one-half f right pleu 
ral cavity 
years M irisy with 5 weeks Clinieal: Cough, fever, malaise lecreased breath 
effusion sounds 
Roentgenographic: Effusion, one-half of right pleu 
ral cavity 
years I Pleurisy with 7 weeks Clinical: Fever, poor appetite, irritability 
effusion Roentgenographic: Small effusion on right 
nths M_ Pleurisy with 8 weeks Clinical: Fever 
effusion Roentgenographic: Eff n, two-thirds of left pleuw 
ral cavity 
M Pleurisv wit! 15 weeks Clinical: Fever, shortness of breath, n ath sounds 
effusion Roentgenographic: Effusion, entire right pleural cavity 
2 vears I Pleurisy wit! 4 months Clinical: Pain left shoulder, no breath sounds 
effusion Roentgenographic: Effusion ne-third of the right 
and two-thirds of the left pleural ca vit) 
othe M Pleurisy with 6 months Clinical: Pallor, irritability 
effusion Roentgenographic: Effusion, two-thirds the right 
pleural cavity 
Smonth: I Tuberculous S months Clinical Febrile episo continuous thick nasal dis 
tonsils and charge unresponsive to broad spectrur sntimuicro 
adenoids bials 
Laboratory: Gastric cultures positive for acid-fast ba 
eilli before, but negative after, tonsillect and 
sdenoidectomy 
Biopsy: Multiple caseous foci typical of tuberculosis 
onthe M § Phiyctenular 12 weeks Clinical: Ph phobia, conjunctivitis, corneal scarring 
conjuncti mpaired vision 
vitis 
athe M_ Clinically ill ll weeks Clinics Weight loss, lassitucks pnorexia, cougl 
ane 
months | Clinically ill 12 weeks Clinical: Spiking temperature, hepatosplenomegaly 
months M Clinically ill 8 months Clinical: Progressive weight loss, intermittent fever, 
anorexia, malnutrition, anemia 
Laboratory Gastric cultures positive f acid -fast 
bacilli 
fe Months 
month: M Skeletal 14 months Clinical: Pain in left hip, limp, limitation of motion 
tuberculosis atrophy of muscles 
Roentgenographic: Inflammatory process of left his 
Laboratory: Biopsy typical of tuberculosis, culture 
positive for acid-fast bacilli 
months I Skeletal 18 months Clinical: Painful motion of left hi; 
tuberculosis Roentgenographic: Structural change of left femur 
Laboratory: Biopsy typical of tuberculosis 
month: M Meningitis 18 months Clinical: Vomiting, headache, weight loss, stiff neck 
lethargy 
Laboratory: Typical cerebrospinal fluid findings, cul 
ture positive for acid-fast bacilli 
nths | Miliary 13 months | Clinical: Fever, weight loss, cough 
tuberculosis Roentgenographic: Bilateral mottling 
Autopsy: Generalized miliary tuberculosis 
months I Skeletal 15 months Clinic Pain and swelling of right ankle 


Roentgenographic: Destruction of right navicular bone 


Ww. 
Placelbx 

| 
c.M 

E. Vv 
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There is no evidence that the 3 children in the isoniazid group who developed 
meningitis, skeletal tuberculosis, and pleural effusion did not take their pills 
regularly. These three complications must be assumed to have occurred while 
children with primary tuberculosis were taking isoniazid. 

However, both cases of miliary tuberculosis that developed in the isoniazid 
group are equivocal. One child (R.W.) took pills for only two weeks after enter- 
ing the study. His mother stopped the pills because she said his stomach became 
upset. Seven weeks later miliary tuberculosis was diagnosed. Had this child con- 
tinued taking isoniazid, the miliary spread might have been prevented. 

Several questions exist about the second case of miliary tuberculosis (//.F.) 
in the isoniazid group. In the opinion of two members of the Complications 
Review Board, the initial film showed evidence of miliary disease. The child 
received his first month’s supply of pills at the time when he entered the study, 
and died six weeks later without having returned to the clinic. It is not known 
whether he took his pills. Furthermore, the cause of death is not clear. A physi- 
cian who saw the child just before death reported an acute enterocolitis with 
dehydration. This could have resulted from miliary tuberculosis but it could also 
have been due to other causes. 

Whether children took the placebo regularly should not, in itself, influence the 
risk of developing complications. If, however, complications in the placebo group 
were concentrated among children who had not taken their pills, substituting 
isoniazid could not be expected to change the rate of complications. As nearly as 
could be determined, all 26 children who developed complications on placebo 
had apparently taken pills up to the time when the complication was noted. It 
is not unreasonable to expect that most of these complications could have been 
prevented had the children received isoniazid. 

Post-treatment complications: In planning the study it was evident that all 
children must be closely followed after their year of medication and that the 
nature of the pills they had received should not be revealed. If, it was reasoned, 
isoniazid should effectively prevent complications while being taken, one of three 
things could happen after treatment was stopped. Isoniazid could have a lasting 
effect and prevent complications which otherwise might be expected during the 
second year of observation; it could have no effect on the occurrence of subse- 
quent complications; or it could merely have postponed complications. 

The present evidence is insufficient to establish a pattern for the second year 
of observation. Two tuberculous complications, both skeletal, occurred during 
the first half of the second year among 576 children who had received isoniazid, 
and three complications (one meningitis, one miliary, and one skeletal) occurred 
among the 574 who had received placebo. The complications which apparently 
had been prevented by isoniazid during the first vear have not, thus far, appeared 
after the pills were discontinued. This would suggest that isoniazid does more 


than postpone complications. 


Pulmonary Changes 


Adverse pulmonary changes were noted in the films of 21 children who re- 
ceived isoniazid and of 36 children who received placebo, as shown in table 8. 
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TABLE 8 


Apverse Putmonary Cuanoes, Presumasty Tusercutous, OccurrRiING AMONG 1,394 
Inrectep Recervine Isontazip anp 1,356 INrecrep CuHILpREN REcEIVING 
PLACEBO 


First 12 Months Second 12 Months 


Isoniazid Placebo Isoniazid Pla 


Increase in size of lymph 
nodes 

Increase in parenchymal le 
sions 


Cavitation 


Total 


During the first vear, only 3 children had evidence of a significant increase in 
the lymph node component of their disease, one while receiving isoniazid and 2, 
placebo. Nineteen children who took isoniazid developed an increased or new 
parenchymal density in contrast to 31 on placebo. Most of these densities were 
interpreted as atelectasis resulting from endobronchial obstruction. Two chil- 
dren, one on isoniazid and one on placebo, developed cavities which were pre- 
sumably tuberculous 

Thus far, only 2 children, both on placebo, have shown unfavorable pulmonary 
changes during the second vear of observation. 

Although the difference is not statistically significant, it suggests that iso- 
niazid had some effect in reducing the risk of unfavorabie pulmonary changes. 
Except for the appearance of cavity, these changes, although undesirable, are 
often considered to be a part of the natural course of primary tuberculosis 


Risk of Developing Tuberculous Complications 


(s isoniazid, in the dosage and for the duration followed in this study, appears 
to be very effective in preventing extrapulmonary complications and may have 
some effect on adverse pulmonary changes, the relation of risk to other factors 
has been examined among the children receiving placebo. There was no difference 
by sex; 13 of the 26 children with extrapulmonary complications during the first 
year were boys and 13 were girls; 16 of the 34 children with unfavorable roent- 
genographic changes were boys and 18 were girls. 

In table 9, the risk of developing extrapulmonary complications and adverse 
pulmonary changes is shown for different age groups subdivided by initial roent- 
genographic findings. The children are classified by the age at which they entered 
the study, not by the age at which the complication developed. The evaluation 


panel’s interpretation of the initial films are grouped into three classes, normal, 


hilar or paratracheal tuberculous involvement or both, and parenchymal involve- 
ment with or without lymph node enlargement. Complication rates per 1,000 
are shown for each age group by degree of roentgenographic involvement. The 
rates have been calculated on the basis of the total number of children under 


Type 
l 2 
19 31 2 
l l 
21 2 
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TABLE 9 
Rate PER 1,000 CHILDREN OF EXTRAPULMONARY COMPLICATIONS AND ADVERSE PULMONARY 
CHANGES BY AGE or CHILD AND INiTIAL ROENTGENOGRAPHIC INVOLVEMENT 


Roentgenographic Evidence of Tuberculosis Involvement 
Age in Years 
Total Negative — and. or Parenchyma 
aratrachea! 
Extrapulmonary complications 

Total 19 6 18 59 
Less than 1 78 33 100 182 
lto3 1S + 21 50 
4 to 6 10 13 21 
More than 6 8 63 

Pulmonary changes 
Total 25 $3 49 
Less than 1 26 33 91 
lto3 2s 11 39 50 
4to6 20 21 
More than 6 24 12 23 63 


observation even though 441 children of the 1,356 in the placebo group, as shown 
earlier in table 4, have been observed for less than twelve months. The effect of 
their inclusion understates the rates because some of these 441 children may 
develop unfavorable conditions before they complete a year in the study. 

The risk of developing extrapulmonary tuberculous complications is related to 
both the age of the child and the extent of disease, as shown in the upper section 
of the table. The rates show a distinct pattern, increasing with the degree of 
roentgenographic involvement and decreasing with age, ranging from 182 per 
1,000 among children less than one year of age with parenchymal involvement 
to 0 among children more than three with negative films. As noted by Robinson 
(6), the rates for children less than one year are markedly higher than for older 
children; the risk for these infants was not small even when the roentgenograms 
were negative for tuberculous involvements. Among children between one and 
six years, the risk was substantial only when there were positive roentgeno- 
graphic findings. Among the children more than six, the rate of 63 per 1,000 for 
those with parenchymal tuberculous involvement represents 2 adolescents who 
developed pleurisy with effusion (7D. and L.I/.). 

A similar analysis of the risk of adverse pulmonary changes, as shown in the 
lower section of table 9, indicates a positive correlation with extent of initial 
roentgenographic involvement, but with age only among those with parenchymal 
involvement. 

Risk also appeared to be associated with the size of the initial tuberculin 
reactions. Both extrapulmonary complications and adverse pulmonary changes 
occurred more frequently among children with tuberculin reactions of 10 mm 


or more than among those with smaller reactions. 
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INITIAL 


ALL CHILDREN 


| 
‘alle. 


NEGATIVE xX - RAY 


MEAN (am) 9 6 MEAN 


HILAR AND/OR PARATRACHEAL INVOLVEMENT 


| EAN (mm) 40 SEAN (mm) (2 MEAN (mm) 14 6 

PARENCHYMAL 


INVOLVEMENT 


MEAN | MEAN (mm) MEAN (mm) 144 


INDURATION (mm) 


Fic. 4. Initial and twelve-month tuberculin reactions of children who received iso 
niazid and children who received placebo, subdivided by initial roentgenographic findings. 


Y58 
ISONIAZIO PLACEBO 
INITIAL 12 MONTH | 12 MONTH 
(mm) (3) MEAN (mm) 6 MEAN (mem) MEAN (oma? 
| 
8 
3 
| | | 
| 
Hib 4 


ISONIAZID IN PRIMARY TUBERCULOSIS 


Tuberculin Sensitivity 

Several instances of a loss of cutaneous sensitivity to tuberculin during iso- 
niazid therapy have been reported in the literature (3). Results from laboratory 
studies on animals (4), and from a few experiments with BCG vaccination in 
human beings (5), however, suggest that isoniazid has little effect on already 
established tuberculin cutaneous sensitivity. The present study provided an 
opportunity for further study of this subject. 

In figure 4 are shown the frequency distributions of the diameter of the tu- 
berculin reactions for children who had completed twelve months in the study 
and who had been tested with the same product and dose of tuberculin, both in- 
itially and again twelve months later. From the distributions for all children 
shown at the top of the figure, it appears that the reactions were slightly smaller 
at the end of the twelve-month period for both groups. The average size for the 
isoniazid group decreased from 13.1 mm. to 11.6 mm.; for the placebo group the 
reaction decreased from 13.5 mm. to 12.7 mm. For both groups, approximately 
15 per cent of the reactions had decreased to less than 5 mm. 

Very similar results are obtained when the material is subdivided according to 
findings on the initial roentgenograms; the reactions tended to be a little smaller 
at the end than at the beginning of the period, and it seemed to make very little 
difference whether the children had received isoniazid or placebo. The only ex- 
ception, which is not very pronounced, is that children diagnosed as having 
parenchymal tuberculous lesions had slightly larger reactions at the end of the 
period if they received placebo. All differences, however, are small enough to be 
due to testing error and chance variation. If isoniazid decreases established 
tuberculin sensitivity, its effect must be very slight or limited to a few special 
cases. 

Cutaneous reactions to tuberculin of less than 5 mm. at twelve months were 
observed largely among children whose initial tuberculin reaction was not more 
than 10 mm. and whose roentgenograms were negative for tuberculous involve- 
ment. This suggests that the initial reaction in some of these children was non- 
specific, that is, that it was not caused by a tuberculous infection 


SUMMARY 
In a cooperative investigation coordinated by the U. 8. Public Health Serv 
ice, 2,750 children with asymptomatic primary tuberculosis are under observa 
tion by 32 clinical investigators. The purpose of the study, which began in 
January, 1955, is to determine whether small daily doses of isoniazid for one 


year decrease the frequency of immediate complications of the primary disease 


and the frequency of chronic pulmonary tuberculosis in adolescence and adult 
life. 

This is a strict “control study,” in which half of the children have been given 
a daily dose of 4 to 6 mg. of isoniazid per kg. of body weight and the other half 
an identical placebo in equivalent amounts. The method of assigning pills re 
sulted in there being groups of children comparable in all respects except that 
one group received isoniazid. Every precaution has been taken so that neither 
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the physician, the child, nor his parents has known whether a child was receiving 
isoniazid or an identical placebo. A total of 1,394 children in the isoniazid group 
and 1,356 children in the placebo group had been observed from one to thirty 
months by June 30, 1957. A preliminary report is based on the findings at that 
time even though 917 children had been observed less than twelve months. 

During the time when these children were taking pills, serious extrapulmonary 
tuberculous complications developed in 5 children who received isoniazid and in 
26 who received placebo. 

This difference is significant and the results indicate that isoniazid prevented 
80 per cent of the complications of childhood tuberculosis in this group. 

In the isoniazid group there was one case of meningitis, one case of skeletal 
tuberculosis, and one case of pleurisy with effusion occurred. In addition, there 
were 2 cases of miliary tuberculosis, but the time relations of the chemotherapy 
to the complication were such that their classification as drug failure is ques- 
tionable. In the placebo group, there were 6 cases of meningitis, 2 tuberculomas 
of the brain, one case of miliary tuberculosis, 5 of skeletal tuberculosis, 7 cases 
of pleurisy with effusion, one instance of tuberculosis of a tonsil, one recurrent 
phlyctenular conjunctivitis, and various manifestations of tuberculous disease in 
3 children who became clinically ill. 

Adverse pulmonary changes, less serious in nature, occurred among 21 infected 
children who received isoniazid and 34 infected children who received placebo, 
suggesting a favorable effect of isoniazid although the difference is not significant 
on statistical analysis. 

Tuberculous complications which occurred among 6 additional children were 


judged, on review, to have been present in a less acute stage when the child 
entered the study. One of these children received isoniazid and 5 received placebo, 
a finding consistent with the view that isoniazid may have prevented incipient 


complications from developing. 

Because of differences in clinic practice, a comparison could not be made of 
the incidence of lymphadenopathy and gastric cultures positive for tubercle 
bacilli. However, 4 children are known to have developed lymphadenopathy and 
$ consistently had gastric cultures positive for tubercle bacilli. All of the 8 
children had been receiving placebo. 

Examination of the group which received placebo shows that children less 
than one vear of age were at the greatest risk of developing tuberculous complica- 
tions, with rates of 33 per 1,000 for those with normal roentgenograms, 100 per 
1,000 for those with hilar or paratracheal involvement, and 182 per 1,000 for 
those with parenchymal involvement. Children between one and six years of age 
were at little risk unless they had positive roentgenographic findings. The only 
2 children more than six years of age who developed complications were adoles- 
cents with initial parenchymal involvement who developed tuberculous pleurisy 
with effusion 

Although only approximately two-fifths of the children have been observed 
for eighteen months, there is no indication that isoniazid only delayed the ap- 
pearance of complications. Between the twelfth and eighteenth months, there 
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were two complications among the 576 children in the isoniazid group and three 


among 574 children in the placebo group. 


SUMARIO 


Efectos Profildcticos de la Isoniacida sobre la Tuberculosis Primaria en los Niiios 


Comunicacion Preliminar 


En una investigacién cooperativa coordinada por el Servicio de Sanidad Piblica de 
los E. U. A., 2,750 nifios que tienen tuberculosis primaria asintomética se encuentran bajo 
observacién por 32 investigadores clinicos. El] propésito del estudio, que comenzé en enero 
de 1955, es determinar si pequefias dosis diarias de isoniacida durante un afio hacen dis- 
minuir la frecuencia de las complicaciones inmediatas de la enfermedad primaria y la fre 
cuencia de la tuberculosis pulmonar crénica en la adolescencia y la vida adulta. 

Tratase de un estudio absolutamente “‘fiscalizado,”’ en el que la mitad de los nifios re 
cibié una dosis diaria de 4 a 6 mg. de isoniacida por kg. de peso vivo y la otra mitad un 
placebo idéntico en cantidades equivalentes. E] método seguido para distribuir las pil 
doras dié por resultado la obtencién de grupos de nifios comparables en todos sentidos, 
excepto porque un grupo recibié isoniacida. Se tomaron todas las precauciones necesarias 
para que ni el médico, ni el nifio ni los padres supieran si un nifio dado recibia isoniacida 
o el placebo idéntico. Un total de 1,394 nifios del grupo de la isoniacida y de 1356 nifios 
del grupo del placebo habian sido observados de uno a treinta meses para el 30 de junio 
de 1957. Esta comunicacién preliminar se basa en los hallazgos en dicha fecha aunque 917 
nifos habian sido observados menos de doce meses 

Durante el periodo en en que esos nifios tomaban pildoras, se presentaron graves com 
plicaciones tuberculosas en 5 nifios que recibian isoniacida y en 26 que recibian el placebo. 

Esta diferencia es importante y los resultados indican que la isoniacida impidié 80 por 
ciento de las complicaciones de la tuberculosis infantil en este grupo 

En el grupo de la isoniacida hubo un caso de meningitis; también hubo un caso de tu 
berculosis ésea y un caso de pleuresia con derrame. Ademds se observaron 2 casos de gra 
nulia, pero las relaciones cronolégicas de la quimioterapia con la complicacién son tales 
que es discutible la clasificacién de ésta como fracaso de la droga. En el grupo del pla 
cebo, hubo 6 casos de meningitis, 2 de tuberculosis cerebral, uno de granulia, 5 de tuber 
culosis ésea, 7 de pleuresia con derrame, 1 de tuberculosis de una amigdala, uno de con 
juntivitis flictenular recurrente y varias manifestaciones de afeccién tuberculosa en 3 
nifios que se volvieron clinicamente enfermos 

Hubo alteraciones pulmonares adversas, de naturaleza menos grave, en 21 nifios in 
fectados que recibieron isoniacida y en 34 nifios infectados que recibieron el placebo, su 
giriendo esto un efecto favorable de la isoniacida, aun jue la diferencia no es importante 
a la luz del andlisis estadistico 

Las complicaciones tuberculosas que se presentaron en Stros 6 nifios, al ser repasad is 
se juzgé que habian existido en forma menos aguda al entrar los nifios a formar parte del 
estudio Uno de estos nifos recibié isoniacida v 5 recibieron placebo hallazgo este com 
patible con la opinion de que la isoniacida tal vez impidiera la aparic ién de complicaciones 
incipientes. 

Debido a diferencias en la practica de la clinica, no pudo hacerse una comparacion 
entre la incidencia de linfadenopatia y de cultivos gdstricos positivos para bacilos tubercu 
losos. No obstante, se sabe que 4 nifios manifestaron linfadenopatia y 4 tuvieron cultivos 
gistricos constantemente positivos para bacilos tuberculosos. Todos estos 8 nifios habian 
recibido placebos 

E] andlisis del grupo que recibié el placebo muestra que los nifios de menos de un afio 
de edad eran los que corrian mas riesgo de manifestar complicaciones tuberculosas, con 
tasas de 33 por 1,000 para los que tenfan radiografias normales, 100 por 1,000 para los que 
tenian invasion hiliar o paratraqueal y 182 por 1,000 para que los que tenian afectado el 
parénquima. Los nifios de uno a seis afios corrieron poco peligro a menos que tuvieran 
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hallazgos radiograficos positivos. Los dnicos 2 nifios de mds de seis afios que manifestaron 
complicaciones eran adolescentes con invasién parenquimatosa inicial, que manifestaron 
pleuresia tuberculosa con derrame. 

Aunque no se ha observado mds que a unos dos quintos de los nifios por espacio de die- 
ciocho meses, no hay indicacién de que la isoniacida solamente demorara la aparicién de 
las complicaciones. Entre el duodécimo y el décimooctavo meses, hubo dos complicaciones 
entre los 576 nifios del grupo de la isoniacida y tres entre los 574 del grupo del placebo. 


RESUME 


Effets prophylactiques de lUisoniazide sur la primo-infection tuberculeuse chez 
les enfants. Rapport préliminaire 


Une investigation coopérative, soumise A une coordination effectuée par le U. 8. Public 
Health Service, comprend 2.750 enfants présentant une primo-infection tuberculeuse 
asymptomatique et qui sont observés cliniquement par 32 investigateurs. L’objet de l’é 
tude, commencée en Janvier 1955, est de déterminer si l’administration quotidienne de 
petites doses d’isoniazide pendant une année réduit la fréquence des complications immé 
diates de la tuberculose primaire et la fréquence de la tuberculose pulmonaire durant 
l’adolescence et la période adulte 

I] s’agit d'une étude comparative strictement contrélée (control study) dans laquelle 
la moitié des enfants a regu une dose quotidienne de 4 A 6 mg d’isoniazide par kg de poids 
corporel et l'autre moitié un “placebo” identique en quantité équivalente. La méthode 
de répartition des pilules a donné deux groupes d’enfants comparables sous tous les as 
pects, sauf que l'un des groupes recevait l'isoniazide. Toutes les précautions étaient prises 
pour que ni le médecin, ni l'enfant ou ses parents sachent si l'enfant recevait |’isoniazide 
ou le “‘placebo”’ identique. Au 30 juin 1957, un nombre total de 1394 enfants du groupe 
recevant l’isoniazide et de 1356 enfants du groupe recevant le ‘“‘placebo”’ avaient été ob 
servés pendant des périodes de un A trente mois. Le rapport préliminaire est fondé sur les 
données obtenues A cette date, bien que 917 enfants aient été en observation pendant 
moins de douze mois 

Pendant la période d’administration des pilules, des complications tuberculeuses ex 
trapulmonaires se sont produites chez 5 enfants recevant l'isoniazide et chez 26 recevant 
le “placebo” 

Cette différence est significative et les résultats indiquent que l’isoniazide prévenait 
80% des complications de la tuberculose de l’enfance parmi ce groupe 

Dans le groupe traité par l’isoniazide, on enregistre 1 cas de méningite, 1 cas de tuber 
culose osseuse, | cas de pleurésie avec épanchement. I] y eut en outre deux cas de tuber 
culose miliaire, mais les relations entre la chimiothérapie et les complications, en fonction 
du temps, sont telles que leur classification parmi les échecs est discutable. Dans le groupe 
& “‘placebo’’, il y eut 6 cas de méningite, 2 tuberculomes cérébraux, | cas de tuberculose 
miliaire, 5 cas de tuberculose osseuse, 7 cas de pleurésie avec épanchement, | cas de tu 
berculose d’une amygdale, | conjonctivite phlycténulaire récidivante ainsi que diverses 
manifestations de la tuberculose chez 3 enfants dont la tuberculose a atteint le stade cli 
nique 

Des altérations pulmonaires, de nature moins grave, se sont produites chez 21 enfants 
infectés traités par l’isoniazide et chez 34 enfants infectés recevant le ‘‘placebo’’, ce qui 
permettait de supposer une action favorable de l’isoniazide, bien que la différence ne soit 
pas significative du point de vue statisque 

Les complications tuberculeuses qui se sont produites chez 6 autres enfants furent 
considérées, lors de |l’analyse, comme préexistantes A un stade moins aigu au moment de 
l’introduction de l'enfant dans l'étude. Le fait que l’un des enfants recevait l’isoniazide 
et 5 le “‘placebo’’ corrobore la conception d’une action préventive sur le développement 
de complications a |’état latent 

En raison de différences rencontrées en clinique, l’incidence de |’adénopathie tubercu- 
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leuse et celle du tubage gastrique positif en culture n’ont pu étre comparées. Toutefois, 
l’'adénopathie était présente chez 4 enfants et 4 avaient constamment des tubages gastri- 
ques positifs en culture. Les 8 enfants recevaient tous le “‘placebo’’. 


” 


L’examen du groupe recevant le “placebo”’ révéle que ce sont les enfants Agés de moins 
d’un an pour lesquels le risque de développement de complications tuberculeuses est le 
plus grand, les taux étant de 33 pour 1000 pour ceux ayant des radiogrammes normaux, 
100 pour 1000 pour ceux porteurs de lésions hilaires ou paratrachéales et 182 pour 1000 
pour ceux atteints de lésions du parenchyme. Les enfants dgés de un Aa six ans le risque 
était moins grand, sauf en présence de signes radiologiques positifs. Les deux seuls en 
fants Aigés de plus de six ans, qui présentérent des complications, étaient des adolesc@s 
avec lésions initiales du parenchyme qui furent atteints de pleurésie tuberculeuse avec 
épanchement 

Bien qu'il n’y ait eu que deux-cinquiémes du nombre des enfants ayant été observés 
pendant dix-huit mois, il n’y a aucune indication que seule l’isoniazide ait retardé l’appa 
rition de complications. Entre le douziéme et le dix-huitiéme mois, on note deux compli 
cations parmi les 576 enfants dans le groupe de |’isoniazide et trois parmi les 574 enfants 
du groupe recevant le “‘placebo”’ 
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INTRODUCTION 


Four mycobacteriophages designated D28, D29, D32, and D34 have been 
isolated and differentiated according to their host specificity by Froman, Will, 
and Bogen (1). These lytic agents, in addition to being active against sapro- 
phytic acid-fast bacteria, are active against virulent Mycobacterium tuberculosis. 
In the present investigation, the morphologic details of these viral particles 
have been studied by electron microscopy. In addition, a limited number of 
electron micrographs demonstrating D29 mycobacteriophage host-cell interac- 
tions have been obtained. The work reported here contributes further to the 
characterization of these mycobacteriophages and is the beginning of a study 
designed to elucidate the mechanisms concerned in mycobacteria-mycobac- 


teriophage infection 


MATERIAL AND MetTHops 


The phages were propagated on their respective saprophytic acid-fast hosts. D2} was 
propagated on host strain M. lacticola (F 13), D29 on host strain Mycobacterium sp. ATCC 
607 (F 21), D32 on host strain Mycobacterium sp. (F 119), and D34 on host strain Mycobac 
terium sp. (F 130). A heavy inoculum of host cells from a solid culture was inoculated into 
40 ml. of heart infusion broth containing 0.004 M calcium chloride in a 125 ml. culture tube 
The culture was incubated at 37° C. with active aeration for eight hours. At this time the 
culture contained approximately 10° to 10° bacteria per ml. Stock phage (one phage particle 
for every 10 bacteria) was added to the culture, and incubation with aeration continued for 
an additional fifteen hours. The lysates, with the exception of D34, contained as many as 
10° to 10'* phage particles per ml.; titers of more than 10° were not obtained with D34. The 
lysates were stored at 4° C. until the phage was purified 

The phages were purified by differential centrifugation in a 40-rotor of the Spinco Model 
L, ultracentrifuge (2). The minimal speed required to form a pellet was employed. It was 
found that 12,000 r.p.m. for one hour was sufficient for D28, D29, and D32. A minimal speed 
of 8,000 r.p.m. was required to sediment D34; however, even this speed results in a loss of 
tails from a large proportion of phage particles. The high speed cycles were alternated with 
lower speed cycles (5,000-8,000 r.p.m.) for ten to fifteen minutes. The pellets of D28, D29, 
and D32 were resuspended in distilled water, care being taken to dilute them slowly. D34 
was resuspended in either isotonic ammonium benzoate or ammonium acetate. The final 
phage suspensions were centrifuged lightly 
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Fic. 1. D28 mycobacteriophage, frozen-dried, U shadowed. (X 65,000 
Fic. 2. D29 mycobacteriophage, frozen-dried, Cr shadowed. (X 90,000 


The freeze-drying technique of Williams (3) was employed in the preparation of speci 
men mounts for electron microscopy. Air-dried specimen mounts were also prepared (2 
In some cases, phage was fixed in osmic acid prior to freeze-drying or air-drying. The speci 
mens were shadowed very lightly, either with chromium or uranium, and examined in a 
Hitachi HU-9C electron microscope 


OBSERVATIONS 


Electron micrographs of frozen-dried D28, D29, and D32 phages are shown in 
figures 1 through 4. The preparation shown in figure 4 was fixed in one per cent 
osmic acid for fifteen minutes prior to spraying. The heads of the viral particles 
appear as regular hexagons. In air-dried preparations (the electron micrographs 
are not reproduced here) the heads appear as somewhat flattened spheres. These 
results are similar to those obtained with other bacteriophages (2, 4). The 
“attachment”’ organs or end-pieces are easily seen. Specific head and tail dimen- 
sions are recorded in table 1. An electron micrograph of an air-dried specimen of 
D34 is shown in figure 5, and dimensions of this phage are recorded also in table1. 
Satisfactory frozen-dried preparations of D34 were not obtained. Apparently, 
the force of the spray caused the heads to lyse. Even in air-dried preparations, the 
majority of heads appeared as ghosts. Attempts to overcome these difficulties 
by employing various isotonic buffer solutions as suspending media and using 
gentler spraying methods were unsuccessful. The marked lability of D34 to both 
centrifugal and surface tension forces as well as its sensitivity to ionic environ- 
ment is being investigated further. 
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Fic. 3. D32 mycobacteriophage, frozen-dried, U shadowed. (X 45,000 
Fic. 4. D32 mycobacteriophage, osmic acid fixation followed by freeze-drying. U shad- 
owed. 45,000 
Fic. 5. D384 mycobacteriophage, air-dried, U shadowed. (X 60,000 


TABLE 1 


Dimensions* or D28, D29, D32, anv D34 MycoBacTERIOPHAGES 


D2 


Head diameter 
Tail (length 


* In 
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170 125 220 250 
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Fic. 6. Mycobacterium sp. (F 21) infected with D29 phage, Cr shadowed. (X 20,000 


Fic. 7. Mycobacterium sp. (F 21) twenty-five minutes after infection with D29 phage 
also note the non-infected cells). (X 7,000 


Attempts to demonstrate phage host-cell attachment were not successful. 
In many of the preparations, phage could be seen “lined-up” around its host 
cell, but this arrangement could easily have resulted from the surface tension 
forces created by the drying process. It is anticipated that the attachment proc- 
esses exhibited by these mycobacteriophages can be investigated by the critical 


point method developed by Anderson (5) for the coliphages. 
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Fic. 8. Ghost of Mycobacterium sp. (F 21) after lysis resulting from D29 phage infection. 
Frozen-dried, Cr shadowed. (X 30,000 


Electron micrographs of Mycobacterium sp. (F 21) infected with D29 phage 
are shown in figures 6 through 8. The small round objects of a uniform size seen 
inside the bacteria in figure 6 may be analogous to the “doughnuts” first de- 
scribed by DeMars and associates (6) for T: coliphage, which are formed late 
in the process of phage maturation prior to the deposition of nucleic acid and com- 
pletion of maturation of the new viral particles. This analogy awaits verification. 
By employing serologic techniques, it should be possible to show a serologic 
relationship between these premature forms and fully matured phage particles. 

Further studies of mycobacteriophage host-cell interactions are under way. 


SUMMARY 


The morphology of four mycobacteriophages, D28, D29, D32, and D34, has 
been examined by electron microscopy. Electron micrographs show phages 
which exhibit the typical head-tail morphology, and the “attachment” or end- 
pieces are distinct. In frozen-dried preparations the heads appear as regular 
hexagons. The head of D34 phage, which could be prepared only as an air-dried 
specimen, is spherical. The heads of D28, D29, and D34 are 65 my in diameter; 
the diameter of D32 is 80 mu. The length of tail of the different phages ranges 
from 125 to 250 my. Electron micrographs showing different stages of D29 
phage infection of Mycobacterium sp. (F21) are also presented. 
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ELECTRON MICROSCOPIC STUDIES OF MYCOBACTERIOPHAGES 


SUMARIO 
Estudios Electronomicros« Opicos de los Micobacter Léfagos 


La morfologia de cuatro microbacteriéfagos, D28, D29, D32 y D34, ha sido estudiada con 
ia elect ronomicroscopia Las electronomicrografias revelan fagos que manifhestan la tipica 
morfologia céfalo-caudal y muestran claramente la “‘insercién’’ o partes terminales. En las 
preparaciones desecadas-congeladas, las cabezas parecen hexdgonos regulares. La cabeza 
del fago D34, que no puede prepararse mds que secada al aire, es esférica. Las cabezas de 
los D28, D29 y D34 miden 65 my de didmetro; el didmetro del D32 es de 80 my. La longitud 
de la cola de los diversos fagos varia de 125 a 250 my. También se presentan electronomicro 
grafias que muestran distintas etapas de la infeccién del Mycobacterium sp. (F21) por el 
fago D29 


RESUME 
Etude des m yc obac te riophages au microscope élec troniq “é 


La morphologie de quatre mycobactériophages, D28, D29, D32 et D34, a été examinée au 
microscope électronique. Les micrographes électroniques montrent des phages présentant 
la morphologie charactéristique ‘‘téte-queue’’ et les segments terminaux (‘‘attachement 
distinects. Dans les préparations desséchées par congélation, les tétes apparaissent comme 
des hexagones réguliers. La téte du phage D34, qui ne pouvait étre obtenue que par dessica- 
tion A l’air, est sphérique. Les tétes de D28, D29 et D34 ont un diamétre de 65 my; le di 
amétre de D32 est de 80 my. La longueur de la queue des différents phages s’échelonne entre 
125 et 250 mg. Les micrographes électroniques montrant différents stades de l’infection du 
VW ycobacterium sp. (F21) par le phage D29 sont également présentés 
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MUCOID IMPACTION OF THE BRONCHI'* 
A Study of Thirty-Six Cases 


ROBERT R. SHAW, DONALD L. PAULSON, ann JOHN L. KEE, JR 
(Received for publication June 11, 1957) 


INTRODUCTION 


The writers’ first awareness of the clinical entity that they designate mucoid 
impaction of the bronchi was in 1948, when the right chest of a 54-year-old man 
was surgically explored for a probable carcinoma of the superior division of the 
right lower lobe. Resection and examination of the involved segment revealed 
the obstruction in the bronchus to have been caused by inspissated mucus which 
had become impacted in both branch bronchi. Other patients having this same 
clinical entity soon came to their attention. In 1951 a first report was made, 
consisting of observations concerning 10 patients in whom a diagnosis of mucoid 
impaction of the bronchi had been made (1). Since that time 26 additional pa- 
tients with this condition have been observed. Further observations made in the 
care of these patients and their subsequent clinical courses are of value in clari- 
fying the indications for surgical therapy and in determining the prognosis of 
this condition 

Some patients having this clinical entity have undoubtedly been diagnosed as 
having Léffler’s syndrome. This syndrome as described by Léffler (2) was an 
asymptomatic transitory pulmonary infiltration associated with an eosinophilia 
and had a benign clinical course. The patients in the group of the present report, 
with three exceptions, had moderate to severe symptoms. In one patient the 
disease progressed inexorably over a period of seven years to cause death. Fol- 
lowing apparent clearing of pulmonary infiltrations due to mucoid impactions, 
a bronchogram often will show residual cystic bronchiectasis. Mark (3), in re- 
porting 23 patients with Léffler’s syndrome, shows illustrative roentgenograms 
which make one suspect that some of these patients probably had the same entity 
that the present writers designate as mucoid impaction of the bronchi. These 
patients had cough, expectoration, fever, localized chest pain, fatigue, and loss of 
weight. Buckles and Lawless (4) reported a pneumonectomy in a case of Léffler’s 
syndrome. This occurred in a patient suspected of having a carcinoma but it was 
found by the pathologist to be an eosinophilic granuloma. This lesion may have 
been the same type of lesion present in some resected specimens in the present 
study. Harvey (5) in Australia, after re-studying fixed surgical specimens of 
pulmonary segments in which the pathologic diagnosis previously had been in 
doubt, recognized five cases of mucoid impaction of the bronchi, all in asthmatic 


From the Department of Surgery, Texas University Southwestern Medical School; 
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patients. Greer (6), in a recent article, reported eight additional cases of this 
complication of asthma. 


PATHOLOGY 


The subsequent experience of the present writers with this condition has not 
materially altered the original conception of the underlying pathology (figures 
1 A and B). Mucoid impactions are glairy, greenish-gray in appearance, and 
may attain a size from | to 3 cm. in length and from 1 to 2.5 cm. in diameter. 
They occur typically in the second-order branch bronchi distal to the bifurca- 
tion and often occur in pairs. The progressively dilated bronchial wall becomes 
infected. There is an infiltration into the wall by lymphocytes and eosinophilic 
polymorphonuclear leukocytes. The cartilagenous elements are usually destroyed. 
The ciliated columnar epithelium of the bronchial lining is replaced by squamous 
epithelium. Suppuration occurs beyond the blocked bronchus. This may be in 
the form of pneumonitis, abscess formation, or cystic bronchiectasis. The alveo- 
lar spaces which remain intact are filled with an amorphous eosinophilic mate- 
rial which contains numerous plasma cells, lymphocytes, and eosinophils, and 
occasionally giant cells. Fat stains may reveal fat in the epithelial cells of some 
of the bronchioles and alveoli. These findings may suggest an erroneous diagnosis 
of lipoid granuloma or eosinophilic granuloma of the lung. 


SYMPTOMS AND DIAGNOSIS 


Although the symptom complex in this condition (table 1) may seem quite 
varied, there are certain features of the history which may in themselves be 
diagnostic. Thirty of the 36 patients observed have given histories of asthma, 
hay fever, or chronic obstructive bronchitis (table 2). Twenty-six have com- 
plained of cough and expectoration of purulent sputum. Characteristically the 
sputum is not foul. Sixteen patients remembered having coughed up hard rub- 
bery plugs of mucus. After coughing out these plugs, drainage of a quantity of 
purulent material usually occurred, to be followed by rapid clinical improvement. 

A localized pleuritic type of pain was present in 17 patients. This pain was 
more severe during acute episodes, and would remit as the other symptoms 
subsided. A past history of frequent respiratory infections accompanied by fever 
was present in 14 patients. Although these episodes could be controlled by anti- 
microbial therapy, they tended to recur. 

Eleven, or approximately one-third of the patients, had had episodes of 
hemoptysis. In other patients the sputum was blood-tinged periodically. Weight 
loss occurred in 5 patients, but in general this was associated with severe epi- 
sodes of pulmonary infection. 

Mucoid impaction of the bronchi should be considered in the differential 
diagnosis of any patient who has a history of asthma and complains of recurrent 
respiratory infections associated with hemoptysis and pain. Other conditions 
which this entity may simulate are pulmonary tuberculosis, putrid pulmonary 
abscess, fungal infections, and bronchogenic carcinoma. 

There appears to be no age and sex incidence in this condition (table 3). The 


972 SHAW, PAULSON, AND KEE 


Fic. 1. A (Upper). Survey roentgenogram of the chest of a 39-year-old woman who had 
asthma and repeated episodes of pneumonitis. B (Lower). Left lower lobe removed from 
the patient whose film is shown in figure 1 A. Note mucoid impaction of the bronchus caus 
ing bronchiectasis, abscesses, and pneumonitis 


ages of the patients varied from fourteen to sixty-one years. It is in patients 
more than forty that the differentiation between mucoid impaction and malig- 
nancy may be difficult. The sex distribution was almost equal, with 20 males 
and 16 females in this series. 


Roentgenographic Appearance 
{ 


toentgenographic examination of the chest is the most valuable single measure 
for diagnosing and evaluating the course of this condition. The typical appear- 
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TABLE 1 
Mvcorw ImMpactTion oF THE BRONCHI 
36 PATIENTS 
1948-1956 


Presenting Symptom Complex 


Fever, cough, recurrent upper respiratory infections 28 

Symptoms and signs suggestive of bronchogenic carcinoma 5 

Hemoptysis only I 

Asymptomatic lesions seen on routine roentgenogram 3 
TABLE 2 


Mucor ImMpactTion or THE BRONCHI 
36 PATIENTS 
History, Symptoms, Signs 


1948-1956 


Asthma or chronic obstructive bronchitis 30 
Productive cough 26 
Chest pain 17 
Cough productive of hard plugs or casts 16 
Fever 14 
Frequent upper respiratory infections 13 
Hemoptysis 1] 
Weight loss 5 
TABLE 3 


Impaction oF THE BrRoNncuHI 
36 PATIENTS 
Age and Sex Distribution 
1948-1956 
Age 


10-19 Years 20-29 Years 30-39 Years 40-49 Years 50-59 Years 60+ Years 


5 6 6 3 


Male 20, Female 16 


ance is one of segmental obstruction (figure 2). The shadow-producing lesion is 
composed of the mucoid plugs and distal suppuration in the form of a granulom- 
atous inflammation or cystic bronchiectasis. There may be a combination of a 
density limited to a segment of a lobe with an adjacent bronchiectatic segment 
(figure 3). A shadow in a roentgenogram (figure 4) may be caused by a region of 
pneumonitis distal to a mucoid plug. This shadow may disappear slowly, leaving 
a small residual as the patient improves with medical management. Bronchog- 
raphy may demonstrate granulomatous masses, blocked bronchi, and bron- 
chiectasis in a patient who has marked destruction of pulmonary tissue (figure 
5). In atypical cases, a sharply circumscribed nodule (figure 6) may be present 
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Fre. 2. Mucoid impaction causing segmental atelectasis in the anterior segment of the 
right upper lobe. Segmental resection was followed by relief of symptoms and improvement 


of asthmatic status in a 32-year-old woman 


Fic. 3. Abscess in the superior segment of the left lower lobe with bronchiectasis in the 
posterior basal segment, both due to mucoid impactions of the bronchi. Left lower lobee 
tomy was followed by rapid clinical improvement 


4 q 
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Fic. 4. Same patient as shown in figure 3 A. A new region of involvement developed in 
the right upper lobe one year following lobectomy. B. Almost complete resolution has 
occurred with one year of medical management. 


Fie. 5. Extensive damage to left lung by mucoid impaction in a 23-year-old woman. A 
granulomatous mass has replaced the apicoposterior segment of the upper lobe. The lingular 
bronchus is obstructed and the anterior basal segment of the left lower lobe contains bron 
chiectasis. An attempt to resect the involved segments led to eventual left total pneu- 


monectomy. 


‘ 
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Fic. 6. The left chest of a 61-year-old asymptomatic woman was explored to rule out the 
presence of a neoplasm. The shadow in the left upper lobe was found to be due to mucoid 
impaction 


Fic. 7. Bronchogenic carcinoma was suspected because of the shadow in the right hilar 
region of a 61-year-old man. Mucoid impaction was found at the time of operation 


in the periphery of a lobe indistinguishable from a small pulmonary neoplasm. 
The presence of a dense hilar shadow (figure 7) with pneumonitis beyond may 
also closely simulate the roentgenographic appearance of bronchogenic car- 
cinoma. 

The mucoid impactions in the present series were located in the segments of 
the upper lobes in 24 patients (table 4). The lower lobes were involved in 5, and 


a 
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TABLE 4 
Mucor Impaction oF THE BRONCHI 
36 PATIENTS 
Location of Impactions and Types of Operation Performed 
1948-1956 


Location 


Upper Lobe — Lower Lobe Multiple 
Operative 16 2 3 2 
2 5 


Nonoperative l 


Total Cases 36. Operative 22, Nonoperative 14. Lobectomy 16, Segmental resection 6, 


Pneumonectomy 2 
the lingula, or middle lobe, in 3 patients. The remaining patients had multiple 
regions of involvement. It is interesting to speculate on the reason why the 
upper lobes should be the most frequent location for this condition. It is possible 
that the tussive force is more effective in expelling thick tenacious secretions 
from the bronchi of lower lobes than from the upper lobes. The force of gravity, 
which is important in draining the bronchi of the upper lobes, is not sufficiently 
great to promote drainage of the thick, gummy, tenacious secretions in the 


asthmatic patient 
Bronchoscopy and Bronchography 


Bronchoscopy and bronchography both play a definite role in the investigation 
of patients having mucoid impaction of the bronchi. Bronchoscopy may not 
allow visualization of the bronchial orifices that are plugged with accummula- 
tions of mucus, since the condition is in the upper lobe in two thirds of the pa- 
tients. For this same reason this procedure may not be of value in therapy. If, 
however, the plugs are in the middle or lower lobes, it may be possible to remove 
them with grasping forceps or suction. This may improve bronchial drainage so 
that the suppuration beyond will have a chance to clear. At times the mucoid 
plugs can be seen in the orifices of the branch bronchi of the upper lobes, but it 
is seldom possible to remove them. The main diagnostic value of bronchoscopy 
is in excluding the presence of a neoplasm. Bronchography becomes very impor- 
tant in the investigation of patients having mucoid impaction of the bronchi. 
This is especially true if there have been previous espisodes of involvement of 
other segments. Bronchography may reveal not only the obstruction of the 
bronchi but also the cystic bronchiectasis in other segments which remains as 


the residuum of previous episodes of mucoid impaction. 


TREATMENT 


Medical measures: Since mucoid impaction of the bronchi occurs in patients 
who have a tendency to form thick mucus in their bronchi, patients with this 
trouble should be treated primarily by measures which will keep the bronchi 
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free of secretions. The prompt use in the early stages of detergents, mucolytic 
enzymes, bronchodilators, and antimicrobial drugs may in a large measure pre- 
vent the formation of the large obstructing mucoid impactions and the subse- 
quent infection and destructive changes in the bronchi and distal lung paren- 
chyma. Inhalation therapy by means of positive pressure techniques may be 
effective in helping the patient cough out small plugs of hard inspissated mucus. 
However, once a large impaction has formed in a bronchus and the destructive 
changes in the bronchial walls have developed, medical measures alone will not 
be adequate. 

Indications for resection: Operation may be necessary in patients with mucoid 
impaction to (/) establish the diagnosis and (2) relieve distressing symptoms. 
Thoracotomy will be necessary in a certain percentage of patients having this 
condition in order to rule out the possibility of a disease with a more severe 
prognosis. In 6 of the 36 patients, surgery was indicated in order to exclude the 
presence of malignancy. Two other patients who had been treated for several 
months for pulmonary tuberculosis were operated upon to exclude tuberculosis 
as a possible diagnosis. The preoperative diagnosis was mucoid impaction of the 
bronchi in both of these patients. Since the writers have become more aware of 
this condition, it has become less difficult to diagnose more accurately. A correct 
preoperative diagnosis of mucoid impaction of the bronchi was made in 14 of 
the 22 patients who had surgery. 

The decision to resect the involved segments when the diagnosis of mucoid 
impaction of the bronchi is clear-cut may be a difficult one. Resection is indi- 
cated in a patient with localized disease causing distressing symptoms of fever, 
cough, hemoptysis, and pain, and in whom there is no improvement clinically or 
in the appearance of the roentgenograms after an adequate period of treatment 
by medical measures. Recurrent infection in the same segment or residual cystic 
bronchiectasis may also make surgery advisable. 

Technical considerations: Resection of pulmonary tissue involved with mucoid 
impaction of the bronchi presents some technical problems that vary from those 
encountered with resection for other lesions. Although like bronchiectasis this 
condition is essentially a segmental disease, segmental resection was deemed 
feasible in only 6 of the 22 patients submitted to surgery. Lobectomy was per- 
formed sixteen times. In a number of these patients it was the surgeon’s desire 
to limit the resection to an involved segment, but at the time of operation it was 
found that the infection of the involved segmental bronchus and the partial 
destruction of its component parts made it necessary to section the main lobar 
bronchus in order to have satisfactory tissue for bronchial closure. The problem 
presented in the resection of segments involved in bronchiectasis which remain 
as a residual of former episodes of obstruction of the bronchi by mucoid plugs 
does not differ from that of the bronchiectasis in general. 

Surgical complications: There has been one surgical death among the 22 pa- 
tients operated upon. This occurred in a 15-year-old boy who had bilateral 
cystic bronchiectasis resulting from multiple mucoid impactions of the bronchi. 
He had become a chronic invalid, due both to residual areas of suppuration 
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distal to mucoid plugs and to bronchiectasis. Cardiac arrest occurred during an 
attempted segmental resection of diseased segments of the left lower lobe. Al- 
though cardiac action was restored by cardiac massage, the patient died eight 
hours following surgery. 

Complications resulting from resection necessitated total pneumonectomy at 
a second operation in 2 patients. The first patient had a right upper lobectomy 
“arly during surgery because of symptoms associated with multiple mucoid im- 
pactions. Marked oozing of blood from the chest wall resulted in a clotted hemo- 
thorax which later necessitated evacuation of the clot and a decortication. Ooz- 
ing from the chest wall and bleeding into the lung parenchyma of the remaining 
middle and lower lobes necessitated a pneumonectomy as an emergency. Oozing 
of blood from the chest wall occurred again after this procedure, and an empy- 
ema developed subsequently. Finally, when oozing of blood again developed in 
the wound of a thoracoplasty done to obliterate a residual empyema, it was 
controlled by heparin blocking agents. This patient then had a good convales- 
cence and is now leading a normally active life, free of symptoms. 

In the case of the second patient in whom a pneumonectomy became neces- 
sary, an attempt had been made to preserve the greater portion of the left 
lower lobe after removing the left upper lobe and the anterior basal segment of 
the lower lobe (figure 5). It was found impossible to maintain expansion of the 
remaining lower lobe, and a bronchopleural fistula developed. Ten days follow- 
ing the original resection a left pneumonectomy was completed. The patient 
developed an empyema which responded to treatment. She has returned to work 
and is doing well. 

Three serious complications, one leading to death, in 22 patients operated 
upon represents a high mortality and complication rate for pulmonary resection. 
In all 3 patients, however, the choice was between continued invalidism or sur- 
gical therapy which offered a reasonable chance for clinical improvement. 

It is the opinion of the present writers today, as a result of the present ex- 
perience, that all patients undergoing surgery for mucoid impaction should have 
adequate preoperative treatment of their associated generalized bronchitis by 
means of antimicrobial therapy, bronchial dilators, and intermittent positive 
pressure breathing techniques. These measures must also be continued through- 
out the postoperative period. 

SUBSEQUENT COURSE 

In following the course of patients with mucoid impaction the interest of the 
present writers has been both in the relief of the presenting symptoms and in 
whether or not the removal of the diseased segments of lung caused over-all 
improvement in the asthmatic symptoms of the patients. Of the 22 patients 
who had surgery, 3 were asymptomatic prior to surgery (table 5). One patient 
died at the time of surgery due to cardiac arrest, and one improved temporarily 
but developed diffuse bilateral involvement, causing death seven years later. 

Nineteen patients have been followed long enough to allow some conclusions 
to be reached as to whether or not the surgery was beneficial. Sixteen have 
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TABLE 5 
Mvcoww ImMpactTion oF THE BRONCHI 
Results—Surgical Group—22 Cases 


Pulmonary Status Asthmatic Statust 


Unchanged Improved Unchanged Improved 


Diffuse 1 (J.F.L.). Pro 
Localized l 15 gressive dis 
ease; died 7 
16 years after op 

eration 


* Patient operated on because of diagnosis of tuberculosis 
t Two patients had no history of asthma. 
Cases not included in above table 


Operative mortality (cardiac arrest 
Asymptomatic pulmonary nodule 
Operation done because of suspected malignancy 


TABLE 6 
Mvcorp “IMPACTION OF THE BRONCHI 
tesults—Nonsurgical Group—1l4 Cases 


Pulmonary Status Asthmatic Status* 


Unchanged Improved Unchanged Improved 


Diffuse 
Localized 


12 
* Three patients had no history of asthma 


definitely improved and 3 have remained unimproved. Sixteen of these patients 
gave a history of having had asthma prior to surgery; 14 state that their asth- 


matic symptoms are much less severe since surgery; and 2 patients have not 


experienced any change. 

Fourteen patients have been treated by medical measures without surgery 
(table 6). The disease was localized in 6 patients and diffuse in 8. Surgery was 
advised in 4 of these 6 patients with localized disease. The 4 patients in whom 
the disease was localized and surgery was advised are unimproved both in re- 
gard to the symptoms referable to the mucoid impaction and to asthma. The 
other 2 have improved with medical management. In 8 patients in whom the 
disease was diffuse and no surgery was advised, medical measures have resulted 
condition. 


in little or no improvement in the patients 
There is some indication from these follow-up studies that, as suggested by 
Overholt (7), the removal of the localized region of infection may eliminate an 
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aggravating factor in the over-all asthmatic status of the patient. It is necessary 
to re-emphasize the fact that, although surgery may influence the course of the 
respiratory disease, it does not eliminate the problem. Four of the patients who 
have had resection of diseased segments have subsequently developed new re- 
gions of involvement. In no case, however, has the new region of involvement 
caused persistent symptoms sufficient to indicate surgery. Constant vigilance 
and appropriate prophylactic and therapeutic measures are necessary to prevent 
the serious complications of recurrent mucoid impactions. 


SUMMARY 


Mucoid impaction of the bronchi occurs not infrequently in asthmatic pa- 
tients. Suppuration occurs beyond the blocked bronchi and the bronchial wall 
undergoes destruction. Mucoid impaction of the bronchi should be considered 
in the differential diagnosis of any patient who has a history of asthma and 
complains of recurrent respiratory infections associated with hemoptysis and 
pain. 

The experience of the present writers with mucoid impactions of the bronchi 
includes 36 patients, 14 of whom were treated by medical measures and 22 by 
surgery. In general, medical mangement has been advised for the patients with 
multiple diffuse impactions and surgical removal for those having localized dis- 
ease. Twelve of the 14 patients treated medically are unimproved. Of the 22 
patients who had surgery, 3 were asymptomatic, there was one surgical mor- 
tality, and one late death due to progressive pulmonary infection. Sixteen of the 
remaining 17 patients have been definitely improved. 


SUMARIO 
Obstruccion Mucoidea de los Bronquios: Estudio de Treinta y Seis Casos 


La obstruccién mucoidea de los bronquios ocurre con alguna frecuencia en los asmAticos 
La supuracién tiene lugar mds allé de los bronquios ocluidos y la pared bronquial experi 
menta destruccién. Debe tomarse en cuenta la obstruccién mucoidea de los bronquios en el 
diagnéstico diferencial de todo enfermo que tenga historia de asma y se queje de infecciones 
respiratorias recurrentes vinculadas con hemoptisis y dolor 

Las observaciones de los AA. en obstrucciones mucoideas de los bronquios comprenden 
a 36 enfermos, 14 de ellos tratados con providencias médicas y 22 con la cirugia. En general, 
se ha recomendado la asistencia médica para los enfermos que tienen obstrucciones mil 
tiples, difusas, y la extirpacién quirdrgica para los que tienen enfermedad localizada. Doce 
de los 14 enfermos tratados médicamente no han mejorado. De los 22 enfermos atendidos 
quirdrgicamente, 3 estaban asintomdéticos, hubo una muerte operatoria y una muerte 
tardia debida a infeccién pulmonar evolutiva. De los 17 enfermos restantes, 16 han mejorado 


decididamente 
RESUME 
Oblitération mucoide des bronches: Une étude de trente-siz cas 


L'ob-itération mucolde des bronches n'est pas rare chez les asthmatiques. La suppura 
tion survient au dela de la bronche oblitérée et la paroi bronchique subit une destruction 
L’oblitération mucoide des bronches doit étre envisagée dans le diagnostic différentiel de 
tout malade ayant un passé d’asthme et qui se plaint d’infections respiratoires A répétition 


accompagnées d"hémoptysie et de douleur 
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L’expérience des auteurs relative aux oblitérations mucoides des bronches porte sur 36 
malades, 14 d’entre eux furent traités médicalement et 22 chirurgicalement. En général, le 
traitement médical a été préconisé pour les malades porteurs d’oblitérations multiples 


disséminées et |’extraction chirurgicale du bouchon muqueux pour ceux dont | affection 
était localisée. Douze malades sur les 14 ayant été traités médicalement ne sont pas amé, 
liorés. Sur les 22 malades soumis & la chirurgie, 3 étaient asymptomatiques, il y a eu un 
décts opératoire et un décés ultérieur dQ A une affection pulmonaire évolutive. Seize des 


17 malades restant ont été nettement améliorés. 


Addendum 


Since this study was completed, 5 additional patients with mucoid impaction have been 
seen. Three have been treated by resection and 2 are being treated by medical measures 
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THE DEFINITIVE FUNCTIONAL RESULTS AFTER PARTIAL 
PULMONARY RESECTION’ 


Bronchospirometric Investigation 
G. BIRATH, E. W. SWENSON, L. ANDER, anv N. P. BERGH 
Received for publication June 20, 1957) 


INTRODUCTION 


Although several studies have been made concerning the functional results of 
partial pulmonary resection in man (1-7), none of them were carried out later 
than about six months after surgical intervention. This would seem to reveal less 
definitive results, since serial observations of diaphragmatic mobility by means of 
fluoroscopy continue to show striking improvement up to at least a year after 
the operation. The present writers decided, therefore, to make late follow-up 
observations of a group of patients who had undergone previous bronchospirom- 
etry both before and three months after resection. 


Metuops AND MATERIAL 


The patients studied included 5 women and 12 men ranging in ages from eighteen to 
fifty-two years. In 7 of the patients only one segment had been removed (including those in 
whom the segment was the apicoposterior of the left upper lobe); and in 6 others, two seg- 
ments. Upper lobectomy and a ‘‘tailoring’’ thoracoplasty were performed in 2 of the other 
4 patients; one patient underwent a lower lobectomy; and the last had a removal of three 
segments 

In none of the patients did the remaining pulmonary tissue show roentgenographic evi 
dence of disease, nor did the contralateral lung demonstrate significant lesions. The dia 
phragmatie contour and movements on the nonoperated side were likewise normal in 
appearance 

The Carlens double lumen bronchospirometric catheter was used in all cases, sizes 35 or 
37 for the women, 39 or 41 for the men. The investigation was carried out with the pa 
tients in the supine position, breathing into a double spirometer (Knipping type) whose 
initial gas concentrations were 50 to 60 per cent oxygen (7, 8). 

The functional loss is expressed in per cent normal for the lung in question according to 
the following expression 


100 (a — b 


in which a is the fractional part of the bilateral function for the lung in question before, 
and } that lung’s fraction after, the functional loss (8) 

Since the contralateral lung in all cases remained essentially normal throughout the 
period of study, the normal function of the diseased lung could be assumed to be 0.55 of the 
total for right-sided cases (normally the right lung has 55 per cent of the bilateral function), 
and 0.45 for left-sided cases 


‘From the Pulmonary Function Laboratory, Renstromska Sjukhuset, Gothenburg 
Sweden 
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TABLE 1 
Functionat Loss Per Cent ror THE Diseasep Lune 


3 Months After 18-39 Months After 
Before Operation Operation Operation 


Oxygen uptake 13 2s 17 
Ventilation 10 
Vital capacity 9 P.! 19 


All of the patients were studied three times with bronchospirometry—shortly before the 
operation, about three months after, and finally eighteen to thirty-nine months after. In 
addition, all of the patients were examined fluoroscopically, at which time the maximal 
excursion for each leaf of the diaphragm was measured as viewed in the anteroposterior axis. 


RESULTS 
Group in Which One or Two Pulmonary Segments Had Been Excised (13 Cases) 


As the groups involving resection of one or two segments are small, they are 
considered together. As usual, the ventilation values show a wide spread and for 
that reason they are not used as a basis for any conclusions. On the other hand, 
the oxygen uptake and vital capacity, even though small, are well grouped, and 
are thought to be representative. 

The mean oxygen uptake before the operation in the combined group was 87 
per cent of the normal (table 1). Thus the lung had lost 13 per cent of its func- 
tion because of the disease process itself. 

At the time of study three months after the operation, the oxygen uptake 
functional loss had increased to 29 per cent of the normal lung’s function. At 
the final examination, however, the lung had regained a large part of its function 
and the oxygen uptake had increased to 83 per cent of the normal (figure 1). 
Thus, the definitive functional loss was, as a mean value, 17 per cent of the lung’s 
normal function. 

The vital capacity was decreased by a value of 9 per cent of the normal before 
the operation. Three months after, the loss had increased to 29 per cent, but at 
the final examination it amounted to only 19 per cent of the normal. 

The group is small and, considering the normal spread of values found at 
bronchospirometry (9), it cannot be expected that a significant difference will 
arise between the results before operation and the last postoperative study. The 
statistical analyses which have been performed show that there are probably 
significant differences (0.05 > P > 0.01) between the values before the opera- 
tion and those three months after for oxygen uptake and vital capacity. 

In several of the patients (6 cases) the diaphragmatic mobility was as good on 
the operated as on the healthy side. In only one case was there a difference of 2 
em. in the excursions of the two sides. The patient in this instance stated that he 
was somewhat more short of breath after the operation than before. In the rest of 
the cases the discrepancy between the two sides was less than 2 cm. All patients 
except the one mentioned could note no difference in their breathing capabilities 
when comparing their preoperative with their postoperative conditions. 
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13 Cases 
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Fig. 1. Functional! loss in per cent normal for the diseased lung: before (™), 3 months 
after (2), and function regained 1-3 years after | the resection of one totwo pulmonary 


segments 


TABLE 2 
FuncTIonaL Loss in Per Cent NorRMAL FOR THE DisEAseD LUNG 


Before Opera Early After Late After 
tion Operation Operation 
Patient Extent of Resection 


Segments Nos. 1, 2, 9, right 

Right lower lobe 

Right upper lobe and thoraco 
plasty, ribs 2-5 

Left upper lobe and thoraco- 


plasty, ribs 2-7 


Vo, = Oxygen uptake; Ve = Ventilation; VC = Vital eapacity 


The results in patients with larger areas excised may be seen in table 2. Two 
patients underwent upper lobectomy, one on the right (P. 8.) and one on the 
left (B. O.), and both had, in addition, a “‘tailoring” thoracoplasty. In the right- 
sided case, the thoracoplasty involved the second to the fifth ribs, and the pa- 
tient suffered a definitive functional loss of 49 per cent of the ipsilateral lung’s 
normal oxygen uptake and 51 per cent of its vital capacity. The patient who had 
the left-sided upper lobectomy also had a thoracoplasty which involved the 
second to the seventh ribs; in this case the left lung had lost 63 per cent of its 
normal oxygen uptake and 53 per cent of its vital capacity. 

The patient who had a right lower lobectomy (H. P.) had a definitive uni- 
lateral functional loss of 40 per cent of the normal for both the oxygen uptake and 
the vital capacity. The patient who underwent a resection of three segments 


OR5 
"Case 
Per Cent of 6 Cases 7 Cases 
Bo — 
rmal — => 
—_ 
ore 
Vo, | Ve | VO Ve | VC | Ve | Vi 
B. J 11 11/18) 40 8 | 39 | 24 | 24 27 
H. P 4 4 
21 19 19 | 59 | 59 | 62 49! 67 51 
B.O 23 8 AT 35 68 | 638 | 74) 
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of the right lung (upper lobe’s apical and posterior, lower lobe’s laterobasal) 
suffered a definitive functional loss of 24 per cent of the lung’s normal oxygen 
uptake and 27 per cent of its vital capacity. 


DiscuSSION 


If each pulmonary segment is calculated roughly as being one-tenth of the 
lung’s parenchyma, the group which had one and two segments resected lost, 
as a mean value, 15 per cent of the operated lung’s parenchyma. Preoperatively 
the disease itself had resulted in a unilateral loss of function in oxygen uptake 
amounting to 13 per cent of the lung’s normal function and 9 per cent of its vital 
capacity, a somewhat lower functional loss in comparison with the amount of 
resected parenchyma. Early postoperative functional loss was considerable 
but, in good correspondence with the observed improvement of diaphragmatic 
mobility, the function of the operated lung improved subsequently. Conse- 
quently, the definitive loss was little larger than that which could theoretically 
be estimated from the amount of resected tissue. In other words, the physio- 
logic loss corresponded well with the anatomic loss 

This means that the ultimate ‘thoracotomy effect” in this group was rather 
insignificant. The most important factor in loss of function is a loss in diaphrag- 
matic mobility. For this reason, suitable physiotherapeutic measures assume 
prime importance since they can prevent the formation of function-decreasing 
adhesions between the chest wall, the diaphragm, and the lung. Especially 
effective in this connection is the use of the lateral recumbent position, with the 


nonoperated side down, early in the postoperative course in combination with 


frequent sessions of diaphragmatic breathing exercises (10). 

In the more extensive resections the loss of function is probably often greater 
than the corresponding loss in the amount of parenchyma. This may well be due 
to the discrepancy between the amount of parenchyma which remains in com- 
parison to the size of the pleural cavity, inadequacy of the rise of the diaphragm 
leaf after lower lobectomy, and the loss in mobility of the chest wall after a 


“tailoring’”’ thoracoplasty 


SUMMARY 


A series of 13 patients who had resection of one or two segments and of 4 
other patients who had more extensive resections have been investigated by 
means of bronchospirometry in the supine position before operation, three months 
after operation, and eighteen to thirty-nine months postoperatively. The defini- 
tive functional loss for the smaller resections was only slightly larger than the 
calculated anatomic loss, indicating a negligible “thoracotomy effect.” For the 
more extensive resections, the final functional loss may be larger than the num- 
ber of segments might indicate. This serves to emphasize the importance of an 
“arly, energetic, and rational program of physiotherapy following pulmonary 


resection. 


LATE FUNCTICNAL RESULTS IN PULMONARY RESECTION 


SUMARIO 


Los Resultados Terminales Definitivos después de la Reseccién Pulmonar Parcial 
Investigacién Broncoespirométrica 


Por medio de la broncoespirometria ejecutada en la posicién supina antes de la operacién, 
tres meses después de la operacién y de dieciocho a treinta y nueve meses postoperatoria 
mente, se investigé una serie de enfermos sometidos a la reseccién de uno o dos segmentos 
pulmonares y a otros 4 en quienes se habian hecho resecciones mds extensas. La pérdida 
funcional definitiva para las resecciones mds pequefias fué apenas mayor que la pérdida 
anatémica calculada, indicando esto un “‘efecto toracotémico’’ menospreciable. Para las 
resecciones mds extensas, la pérdida funcional final puede resultar mayor de lo que indi 


earia el numero de segmentos. Se discute la importancia que posee un plan temprano 


enérgico vy légico de fisioterapia 


RESUME 


Résultats fonctionnels définitifs apres résection pulmonaire partielle investigation 


broncho spirométrique 
Une série de 13 malades ayant subi la résection d’un ou deux segments pulmonaires, et 


de 4 autres malades ayant subi des résections plus extensives, ont été étudiés en supination 


au moyen de la broncho-spirométrie avant |’intervention, puis trois mois aprés |’opération 
et dix-huit A trente-neuf mois aprés l’opération. Le déficit fonctionnel final pour les petites 
résections était A peine plus élevé que le déficit anatomique prévu, ce qui indiquait |’effet 


négligeable de la thoracotomie (‘‘thoracotomy effect’’). Pour les résections plus importantes 


le déficit fonetionnel final peut étre plus important que le nombre de segments semblerait 
l‘indiquer L importance d'un programme de phy siot hérapie rationnel, énergique et précoce 


ment appliqué est commenté 
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INTRODUCTION 


Previous reports have indicated that the recovery of tubercle bacilli from 
necrotic tuberculous foci (inspissated cavities and previously unsloughed lesions) 
was definitely related to the stage of anatomic healing (1-4). 

The present writers, as have others, have been impressed by the accelerated 
healing of tuberculous foci during chemotherapy (5-26). Anatomically this heal- 
ing has been characterized by the more rapid deposition of calcium salts in the 
necrotic foci and the transformation of granulation tissue into hyalinized con- 
nective tissue within the capsule. 

In order to evaluate the rate of healing as evidenced by these criteria and to 
determine the factors associated with these healing changes, a series of changes 
were compared in inspissated cavities in patients from the era before chemother- 
apy with similar cavities in patients treated with antituberculous drugs. 


MATERIALS AND METHODS 


The only available material for anatomic study from the era before chemotherapy was 
obtained from autopsies. There were 54 cases suitable for examination. In 49 cases cavity 
closure was observed in one lobe; in 5 cases, cavity closure was seen in two different lobes; 
in 4 cases, the cavities were in both upper lobes; in one, the cavities were located in two 
lobes on the same side. In all 54 cases death was due to complications such as amyloid ure 
mia, empyema, or conditions not directly related to the pulmonary tuberculosis. In all 
instances the pulmonary lesions were in various stages of anatomic healing, with no evi 
dence of progression 

The duration of disease varied from thirteen months to thirty-nine years. It should be 
pointed out that the duration of disease was not too clear on the charts, and that the time of 
onset recorded here is only approximate. Death occurred one month to about thirty years 
after clinical evidence of closure of the cavity, as dated by the last sputum specimen positive 
for tubercle bacilli 

There were 52 cases in which cavity closure occurred while the patients received chemo 
therapy. All of the material was from surgically resected specimens. The duration of the 
disease in these cases varied from four months to twelve years. The onset of disease was ar 
bitrarily established by either clear-cut symptoms or by roentgenograms. 

The specimens were removed less than one month to sixteen months after clinical evi 
dence of closure. In order to have as uniform a criterion as possible for closure of the cavi 
ties, the date of the last sputum specimen positive for tubercle bacilli was selected. In 
most cases roentgenographic evidence of cavity closure was also present. Verification of 

' From the Laboratory Service, Veterans Administration Hospital, East Orange, New 
Jersey 

* Presented in part before the Sixteenth Conference on the Chemotherapy of Tubercu 
losis, Veterans Administration, Army, and Navy, St. Louis, Missouri, February 11-14, 1957 
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the cavity closure was made in the examination of the gross specimen. In all cases the closed 
cavity corresponded in location to the cavity observed on the roentgenograms. 

Closure of cavities: One of the present writers (O. A.) has previously shown that the 
check-valve mechanism at the bronchocavitary junction kept the cavity under tension and 
prevented its closure (27). When the check-valve mechanism was disrupted, air in the cav- 
ity was quickly absorbed and the necrotic fragments within the lumen were compressed by 
the contraction of the cavity wall. The fluid within the necrotic tissue was absorbed. These 
masses of tissue became dry, and within them white, firm areas of calcium were laid down in 
the periphery just beneath the capsules, with subsequent progression toward the center of 
the masses. Concomitant with this, there was a contraction of the capsule as it became 
transformed from a wide brown zone (granulation tissue) into a narrow gray-white zone 
(hyalinized connective tissue). The end-stage of this process was an oval or round focus 
composed of stony hard, yellow fragments surrounded by a gray-white capsule 

Microscopically the healing of a tuberculous cavity with inspissation was characteristic. 
The open active tuberculous cavity contained partially liquefied necrotic fragments in the 
lumen. The inner walls were lined by necrotic zones of variable thickness. These were sur- 
rounded by tuberculous granulation tissue which in turn was encircled by zones of loose 
connective tissue resulting from the organized perifocal reactions 

When the conditions were such that the cavities closed, air was absorbed from them, and 
the necrotic contents within the lumens were compressed into an irregular fragmented mass. 
The collagen fibrils within the granulation tissue showed a progressive increase in number. 
As they fused they caused a compression atrophy of both the cellular elements and the di- 
lated capillaries within the granulation tissue. This process of contraction resulted in a 
squeezing out of the fluid, and further reduction in the size of the necrotic zones in the in- 
spissated cavities preceded the appearance of calcium. As the granulation tissue was con- 
verted into hyalinized connective tissue, small purple granular deposits of calcium appeared 
in the peripheral portion of the necrotic zones. These fine stipplings, difficult to distinguish 
from nuclear fragments in the early phase, were verified by staining for calcium salts. As 
the hyalinization progressed so also did the degree of calcification within the zones of necro 
sis. Finally, the entire necrotic zone contained dense calcium deposits encircled by a con- 
centric zone of hyalinized connective tissue 

Evaluation of material: The cases were separated into two groups: Group J, the group 
which had had no chemotherapy (untreated patients), and Group I], the group which had 
received chemotherapy (treated patients). For each case the degree of hyalinization and 
calcification was recorded. For Group I the age of each cavity from the onset of disease to 
the time of the patient’s death and the number of months between cavity closure and death 
were recorded. For Group I] the duration of disease and the duration of cavity closure to the 
time of resection were noted. In addition, for Group I], the duration of chemotherapy to 
the time of resection was tabulated. 

To determine the association between the healing changes and the duration of disease 
and cavity closure, the hyaline changes were separated into two groups: those showing 
granulation tissue with evidence of early hyalinization, and hyaline capsules 

In evaluating calcification there were two groups: (1) no evidence of calcification, and 


2) evidence of calcification 
RESULTS 
Relationship of Hyalinization to Duration of Cavity Closure 


Group I, untreated patients (table 1): The first evidence of hyalinization in the 
cases in Group I did not appear until seven months after cavity closure. It was 
not until sixteen months after closure that any cavity was found with a hyaline 
wall. Of the 31 patients with cavity closure in less than three years, 6 (19 per 


cent) showed hyaline capsules. Hyaline capsules were present in all of the 23 
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TABLE 1 
HYALINIZATION BY DuRATION Or CLosuRE--No CHEMOTHERAPY 


Closure in Less Than Closure in 36 
% Months Months and More 
Early hyalinization 25 0 
Hyaline capsule 6 (19%) 23 (100%) 
Total 31 23 


TABLE 2 
HYALINIZATION BY DURATION OF CLosURE—CHEMOTHERAPY 


Closure in Less than Closure in 5 to 
5 Months 16 Months 
Early hyalinization 10 0 
Hyaline capsule 13 (57%) 29 (100% 
Total 23 29 


TABLE 3 
CALCIFICATION BY DuRATION oF CLosuRE—No CHEMOTHERAPY 
P ee Closure 1-35 Closure 36-59 Closure 60 
— Months Months Months + 
No 31 6 2 
Yes 0 (0% 7 8 (SO% 
Total 31 13 10 


patients when closure took place in more than three years. Of the 6 patients with 
cavity closure in less than thirty-six months who showed advanced hyaline 
changes, there was a greater proportion in those with a longer duration of dis- 
ease. That is, 3 of a total of 4 patients had duration of disease of eight years or 
more, and 3 of a total of 26 patients had duration of disease of less than eight 
years 

Group I1, treated patients (table 2): In the group of treated patients, none of 
whom had a duration of cavity closure of more than sixteen months, more than 
half (57 per cent) showed evidence of hyaline capsules with the cavity closed less 
than five months. There were early hyaline changes as little as two months after 
cavity closure. In this group it was also found that hyalinization was more rapid 
after cavity closure, the longer the duration of the disease. In 10 patients 
with a duration of cavity closure of two months or less, the 2 patients who showed 
hyaline capsules had the longest duration of disease, fifty-five months and eighty- 


four months, respectively. 
Relationship of Calcification to Duration of Cavity Closure 


Group I, untreated patients (table 3): Small calcium depositions were seen for 
the first time in the periphery of the inspissated cavity after thirty-six months 


— 
__, 
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TABLE 4 


CALCIFICATION BY DURATION oF CLOSURE—CHEMOTHERAPY 


Closure 1-3 Closure 4-6 Closure 7 


Calcification Months Months Months + 
No 11 7 6 
Yes 5 (31% 10 (59% 13 (68%; 
Total 16 17 19 


TABLE 5 
CALCIFICATION BY DURATION OF CLOSURE AND THE DURATION OF D1IsBaAsE* 
No CHEMOTHERAPY 


Closure in Less Than 36 Months Closure 36 Months or More 
Calcification 
Duration Less than Duration More than Duration Less Duration More 
8 Years 8 Years than 8 Years than 8 Years 
No 26 $ 8 0 
Yes 0 0 8 (50% 7 (100% 
Total 26 t 16 7 


* One case, duration unknown 


of closure. In no instance was calcium deposition observed in a cavity closed for 
a shorter time. It is of interest that 54 per cent of the inspissated cavities closed 
for thirty-six to fifty-nine months showed calcium deposition while 80 per cent of 
those cavities closed for sixty months or more contained calcium deposits. Al- 
though calcium salts were present in larger amounts as the duration of closure 
lengthened, this was not constant. This was best exemplified by the 2 cases of 
cavity closure for seventy-two months; although the capsules were hyaline in 
character, no calcium was present. It was noteworthy also that the inspissated 
cavities which had been closed for longer periods showed heavier calcium de- 
position 

Group II, treated patients (table 4): In contrast to the above findings were 
those in the cavities which closed during chemotherapy. Small calcium deposi- 
tions were present in the periphery of the filled-in cavities as early as two months 
following closure. The duration of cavity closure in the 52 cases of this series 
ranged from one month to sixteen months. A point of great interest was the fact 
that calcification was present in 5 of the 16 cases (31 per cent) of cavity closure 
which had occurred from one to three months before resection. In cavity closure 
which occurred in four to six months, calcification was present in 59 per cent of 
the cases, while those which closed from seven to sixteen months showed that 


68 per cent contained calcium. 
Calcification by Duration of Closure and Duration of Disease 


Group I, untreated patients (table 5): It was difficult to evaluate precisely 
whether or not the duration of active pulmonary tuberculosis played a role in 
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TABLE 6 
BY Duration or CLosuRE, AND Duration or DISEASE 
CHEMOTHERAPY 
Closure in Less than 5 Months Closure 5 Months Plus 

Calcification Duration of Duration of Duration of Duration of Duration of Duration of 
Disease Less Disease 12-35 disease 6 Disease Less Disease 12-35 Disease % 
than 12 Months Months Months + than 12 Months Months Months + 

No ll 4 1 4 4 0 
Yes 1 (8%) 4 (50%) | 2 (67%) 1 (20%) | 14 (78%) —- 6 (100%) 

Total 12 S 3 5 18 6 


calcification in the patients who received no chemotherapy. Since, as was men- 
tioned previously, the number of months’ duration of disease calculated for each 
patient was only approximate and, since there was such a wide range of duration 
of disease in this series, there was not too much that could be said about the asso- 
ciation between duration of disease and calcification. However, it appeared that, 
when closure did occur, those patients with a duration of disease of eight years 
or more had a greater probability of showing evidence of calcification. 

Group I1, treated patients (table 6): The duration of the disease before cavity 
closure appeared to play a prominent role in the rate of healing and calcium depo- 
sition. When the presence of calcium was studied, holding duration of closure 
constant, it could be seen that the percentage of patients with calcification showed 
a progressive increase with the increased number of months of duration of disease. 


Calcification in Relation to Duration of Chemotherapy 


Since duration of cavity closure and duration of disease in the patients who 
received chemotherapy appeared to have an effect upon the anatomic changes, 
an attempt was made to evaluate the effect of duration of chemotherapy. How- 
ever, no relationship between the duration of chemotherapy and the degree of 
hyalinization and calcification could be shown, although there were not enough 
cases for this to be said with certainty. 

Figures 1-8 illustrating the findings in both groups are presented at the end 
of the article. 


DISCUSSION 


It is believed that the present study gives objective proof to the impressions 
generally held that tuberculous foci heal more rapidly under the influence of 
chemotherapy. During the course of pulmonary tuberculosis when tubercle ba- 
cilli are consistently present in the sputum, the processes of progression and heal- 
ing occur simultaneously. When cavity closure occurs, progression halts and the 
cavity healing continues unimpeded. Since there are definite clinical manifesta- 
tions of this occurrence, both roentgenographically and by the disappearance of 
tubercle baccilli from the sputum, a fairly accurate date of closure may be 
established. 
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In the study of cavity healing following closure two aspects of the problem 
must be examined: (1) the degree and rate of hyalinization within the cavity wall, 
and (2) the degree and rate of calcification of the inspissated material. 

When a cavity closes and its contents inspissate, healing of the cavity occurs 
in a manner entirely similar to any other necrotic tuberculous process in the body. 
Attesting to the slowness of this process in adult life is the presence of granulation 
tissue in the cavity wall two years after closure in patients who have not had the 
benefit of chemotherapy. 

On the other hand, the accelerated rate of hyalinization with chemotherapy 
is emphasized by the complete or almost complete hyalinization of the cavity 
walls within a year following the clinical evidence of closure of the cavity. 

One important factor in explaining these differences may lie in the bacterio- 
static action of the drugs. This influence is manifested anatomically in the drug- 
treated patients by the absence of progression in an open cavity; this, in spite of 
the fact that tubercle bacilli are present in the sputum. With complete closure, 
the cavity wall is well on its way to healing as is manifested by an advanced degree 
of hyalinization. 

It is believed that the rate and extent of calcium deposition in the inspissated 
cavity are extremely important in determining the degree and effectiveness of 
chemotherapeutic agents. It is the opinion of the present writers also that the 
degree and rate of calcium deposition in inspissated cavities in the era before 
chemotherapy forms an excellent control. It is not their belief that there are ana- 
tomic differences between autopsy and surgical material. 

The findings clearly indicate that cavities which inspissate without chemother- 
apy first show calcium deposits about three years after their closure and then 
only in very small amounts. It is only when cavities are closed for a period of five 
years or longer that calcium is present in moderate amounts. 

The present study shows that calcium salts are deposited much more fre- 
quently and much earlier in inspissated cavities which close as a resuit of chemo- 
therapy. Whereas no patient who had not received chemotherapy showed evi- 
dence of calcium deposition before three years of closure, in the chemotherapy 
group, 31 per cent of the cases of cavity closure after three months or less showed 
salcium deposits in the necrotic zones. It is of interest that 54 per cent of the 
chemotherapy group showed evidence of calcium deposition. 

While the duration of the disease bore no marked relationship to calcium depo- 
sition in the patients who received no chemotherapy, it appeared to be related 
in the patients receiving such therapy. When patients with cavities which had 
been closed for the same length of time were compared, those showing a longer 
duration of tuberculosis prior to closure showed more extensive calcium deposi- 
tion. 

Canetti (3) noted that the proportion of cultures positive for tubercle bacilli 
from inspissated cavities falls rapidly as the caseous material becomes more solid. 
He and his co-workers recovered tubercle bacilli from 72 per cent of recent or soft 
tuberculous foci and none from chalky or calcified foci. They also found that the 
least active lesions had not necessarily received the longest treatment. Hall and 
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Gleason (2) also observed reduction in the number of “positive” cultures as the 
histologic signs of activity diminished. 

It has been shown that tubercle bacilli were recovered from 29 of 29 necrotic 
tuberculosis lesions surrounded by granulation tissue, while M. tuberculosis was 
recovered from 3 of 22 lesions showing advanced healing changes of hyalinization 


and calcification (4). 

The present writers have been impressed in this study by the fact that the 
necrotic focus which has never liquefied showed more advanced healing than the 
inspissated cavity. This was seen in both the untreated and the treated cases. 
Calcium appeared at an earlier date and is always present to a greater extent than 


in the inspissated cavity. 
SUMMARY 


The degree and rate of healing in 54 inspissated cavities which closed without 
benefit of drugs were compared with the degree and rate of healing in 52 cavities 
which closed with chemotherapy. 

Hyalinization of the cavity wall occurred earlier in the patients treated with 
antimicrobials. Early hyaline changes were present within two months after 
closure of cavity as compared with seven months after closure for the patients 
not treated with antimicrobials. Hyaline capsules were present in only 19 per cent 
of the nontreated patients, with cavity closure up to three years. By contrast, 
57 per cent of the 23 treated patients, with cavity closure in less than five months, 
and all of the 29 patients with duration of closure from five to sixteen months, 
had hyaline capsules. 

Calcification was first observed in small amounts thirty-six months after 
cavity closure in the untreated patients. In patients treated with antituberculous 
drugs, calcification was observed as early as two months following closure of the 
cavity. The presence of calcification was observed in 28 (54 per cent) of the pa- 
tients treated with antimicrobial drugs, none of whom had a closed cavity for 
more than sixteen months. Calcification was present in 15 (28 per cent) of the 54 
nontreated patients, in all of whom the duration of cavity closure was more than 
three years. 

The duration of disease appeared to be associated with hyaline and calcifying 
changes in the treated patients, and possibly to a lesser degree in the nontreated 
patients. The rate of healing of the tuberculous cavities, as evidenced by calcifi- 
cation in the necrotic center and hyalinization of the wall, is accelerated under 
the influence of chemotherapy. 


SUMARIO 


La Velocidad de la Cicatrizacién de la Tuberculosis Pulmonar Segiin la Efectiia la 
Quimioterapia 

Se compararon la velocidad y la intensidad de la curacién en 54 cavernas espesadas que 
se cerraron sin aplicacién de drogas con la velocidad y la intensidad de la curacién en 52 
caveranas que se clausuraron durante la quimioterapia 

La hialinizacién de la pared de la caverna ocurrié antes en los enfermos tratados con 
antimicrobianos. En término de dos meses de la clausura de la caverna ya habia alteraciones 
hialinas incipientes, comparado con siete meses para los enfermos que no fueron tratados 
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con antimicrobianos. Habia cépsulas hialinas solamente en 19 por ciento de los enfermos no 
tratados, demordndose hasta a tres afios el cierre de las cavernas. En contraposicién, 
tenian cépsulas hialinas 57 por ciento de los 23 enfermos tratados, en que se cerré la caverna 
en menos de cinco meses, y todos los 29 en que se efectué el cierre en cinco a dieciséis meses. 

En los enfermos sin tratar, se observé por primera vez calcificacién en pequefias propor- 
ciones a los treinta y seis meses del cierre de las cavernas. En los tratados con drogas anti 
tuberculosas, se observé calcificacién ya a los dos meses del cierre de la caverna. Se observé 
existencia de calcificacién en 28 enfermos (54 por ciento) de los tratados con antimicrobia- 
nos, ninguno de los cuales tenia una caverna clausurada por mds de dieciséis meses. Hubo 
calcificacién en 15 enfermos (28 por ciento) de los 54 no tratados, en todos los cuales el cierre 
de las cavernas se remontaba a més de tres afios. 

La duracién de la enfermedad parecié enlazarse con las alteraciones hialinas y calcifi- 
cantes en los sujetos tratados y, posiblemente en menor grado, en los no tratados. La velo- 
cidad de la curacién de las cavernas tuberculosas, segin demuestran la calcificacién del 
centro esfacelado y la hialinizacién de la pared, se acelera bajo el influjo de la quimioterapia. 


RESUME 
La vitesse de la cicatrisation de la tuberculose pulmonaire effectuée par la chimiothérapie 


Degré et vitesse de cicatrisation dans 54 excavations desséchées qui furent oblitérées 
sans étre traitées par les drogues furent comparés avec le degré et la vitesse de cicatrisation 
dans 52 excavations qui furent oblitérées au cours de la chimiothérapie 

L’hyalinisation de la paroi cavitaire survenait plus tét chez les malade traités par les 
antibactériens. Des modifications hyalines étaient présentes dans les deux mois qui sui 
vaient l’oblitération de l’excavation, par comparaison avec sept mois aprés |’oblitération 
observée chez les patients non traités par les antibactériens. Les capsules hyalines étaient 
présentes chez 19% seulement des malades non traités et l’oblitération de l’excavation 
réclamait jusqu’a 3 ans. En contraste, 57% des 23 malades traités présentaient une oblitéra 
tion cavitaire en moins de 5 mois et la totalité des 29 dont l’oblitération de la cavité récla 
mait de 54 16 mois présentait des capsules hyalines 

La ealcification était d’abord observée en petite quantité 36 mois aprés l’oblitération 
cavitaire chez les malades non traités. Chez les malades traités avec les drogues antituber 
culeuses, la calcification était observée dés deux mois aprés l’oblitération de |’excavation 
La présence de calcification était observée chez 28 (54%) des patients traités par les agents 
antibactériens, aucun d’entre eux n’avait eu d’oblitération cavitaire pendant plus de 16 
mois. La calcification était presente chez 15 (28%) des 54 malades non traités, chez la tota 
lité d’entre eux, la durée de l’oblitération cavitaire était de plus de 3 ans 

La durée de la maladie paraissait associée aux calcifications et A hyalinisation survenue 
chez les malades traités et, peut -étre, A un degré moindre, dans les cas non traités. La vitesse 
de cicatrisation des excavations tuberculeuses, comme le montre la calcification du centre 


nécrosé et l’hyanilisation de la paroi, est accélérée sous |’influence de la chimiothérapie 
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Figures 1-8 follow 
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Group I: No chemotherapy 


Fic. 1. Cavity closure for 24 months in a patient whose total duration of pulmonary 
tuberculosis was 132 months. A hyaline wall (A) encircles the necrotic mass which in one 
urea at its periphery contains cholesterol (B). (X 21) 


Fie. 2. An inspissated cavity from a patient whose duration of pulmonary tuberculosis 
was 96 months and cavity closure, 36 months. The capsule (A) is hyaline in character. There 
are small calcium deposits (B) at the periphery of the inspissated necrotic mass. (X 21) 
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Fic. 3. Cavity closure for 72 months in a patient whose total duration of pulmonary 
tuberculosis was 84 months. A hyaline wall (A) encloses the necrotic mass. Small cholesterol 
deposits (B) lie just beneath the capsule in one zone. (X 21) 


Fic. 4. An inspissated cavity from a patient whose duration of pulmonary tuberculosis 
was 144 months and cavity closure, 120 months. The capsule (A) is hyaline in character 
Moderate deposits of calcium (B) are present toward the periphery of the necrotic zone 
Cholesterol clefts (C) are present throughout the fragmented necrotic material. (< 21 
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Group IIT: Chemotherapy 


Fic. 5. Inspissated cavity resected two months after clinical evidence of closure and after 
three months of chemotherapy. The total duration of pulmonary tuberculosis was 55 


months. Small cholesterol clefts (A) are present at the periphery of the necrotic fragments. 
The capsule (B) is composed of hyalinized connective tissue. (X 21) 


Fic. 6. Cavity closure for three months in a patient whose total duration of pulmonary 
tuberculosis was 11 months. Chemotherapy was given for 3'¢ months before resection 
The capsule (A) shows very early hyalinization. Small deposits of calcium (B) lie near cho 
lesterol clefts (C) at the periphery of the necrotic zone. (X 100) 
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Fic. 7. Inspissated cavity resected four months after clinical evidence of closure. The 
total duration of pulmonary tuberculosis was 59 months. The patient received chemo 
therapy for eight months before resection. The capsule is hyaline in character (A). Moder- 
ate calcium deposition (B) is present at the periphery of the necrotic zone. (X 21 


Fic. 8. Cavity closure for 10 months in a patient whose total duration of pulmonary 
tuberculosis was 87 months. He received a total of 14 months of chemotherapy. Clinical 


evidence of closure was present for 10 months prior to resection. A thick hyaline capsule (A 
l 


enclosed the inspissated necrotic contents which are heavily laden with calcium (B). (X 2 
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A CRITICAL REVIEW OF ONE HUNDRED AND SIXTY CONSECUTIVE 
SCALENE NODE BIOPSIES'” 


STEWART M. SCOTT 
(Received for publication May 28, 1957) 
INTRODUCTION 
The scalene node biopsy has become a standard procedure to aid in the diag- 
nosis of intrathoracic disease. It is also a method used frequently to determine 
the operability of primary pulmonary and mediastinal malignancies. Daniels 
(1) first deseribed the technique. Subsequent authors (2-6) have elaborated on 
its usefulness and stressed the necessity of obtaining an adequate biopsy speci- 


men. 
Since 1953, the present writer has used the procedure with increasing fre- 


quency. Because the opinion of its value has varied from time to time, a review 


has been made of one hundred and sixty consecutive biopsies. An attempt has 
been made to ascertain the value of this procedure as compared with other 
diagnostic techniques. 
TECHNIQUE 

The biopsies were done by various members of the permanent and resident staff. More 
recently a careful and complete dissection as recommended by Hawkins (5) and Connar (6 
has been stressed. The procedure is performed with local anesthesia. A 4 to 5 cm. transverse 
incision is made 2 cm. above the clavicle over the lateral border of the sternocleidomastoid 
muscle. The platysma muscle is divided and the sternocleidomastoid muscle is retracted 
medially. The posterior belly of the omohyoid muscle is lifted anteriorly, exposing the fat 
pad. This pad is dissected usually intact and measures 3 or 4 em. in length. Medially this 
pad is adherent to the internal jugular vein. Inferiorly it passes beneath the subclavian 
vein. Care is taken to avoid injury to the lymphatic ducts on the right side as well as on 
the left side. Additional nodes palpable along the internal jugular vein and in the superior 
mediastinum are individually dissected 

The lymph drainage of the thorax, as described by Rouviere (7) has been the anatomic 
basis for selection of right, left, or bilateral cervical biopsies. For lesions in the right hemi 
thorax and left lower lung field, a right sealene node biopsy is performed. A left scalene 
node biopsy is performed for lesions in the left upper lung field. If the right scalene node 
biopsy is unrevealing and a lesion is present in the left lung or hilum, a bilateral biopsy 
is completed 

Culture of diagnostic biopsy material for fungi, tubercle bacilli, and other bacteria is 


performed routinely 


Scalene node biopsies were performed on patients with undiagnosed pulmonary 
or mediastinal lesions. Patients with proved or suspected carcinoma of the lung 
or carcinoma of the esophagus had scalene node biopsies to determine operability 
as well as the diagnosis. The present series does not include superficial supra 
clavicular or cervical node biopsies. 

‘From the Veterans Administration Hospital, Oteen, North Carolina 

? Presented before the Medical Session, as part of Section 2A, at the annual meeting of 
the National Tuberculosis Association, Kansas City, Missouri, May 6, 1957 
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TABLE 1 
Resvutts or 160 Consecutive ScaLenge Nope Biopsies 


Total Number Number of Percentage of Positive 
of Cases Positive Nodes Nodes 


Disease 
Carcinoma of lung 64 10 
Boeck’s sarcoid 15 13 
Tuberculosis 4 
Tuberculosis plus silicosis 0 
Silicosis 4 


Carcinoma of esophagus 
Lymphomas 
Histoplasmosis 

Other 


ws 


Total 


TABLE 2 


or ScaLeENE Nope Biopsy 1n 64 Cases or PutMonaRY CARCINOMA 


Number of Positive Percentage of 


Method of Diagnosis 
Diagnoses Positive Diagnoses 


Scalene 10 15.6 
Bronchoscopy (biopsy 22 34.4 
Other methods 32 50.0 
Sealene node and bronchoscopy, both positive 0 0 


RESULTS 

A positive histologic diagnosis was made in thirty-three (20.6 per cent) of the 
one hundred and sixty scalene lymph node biopsies performed. One specimen was 
also positive for tubercle bacilli by culture. Frequently a tissue diagnosis of 
reactive hyperplasia, chronic lymphadenitis, or anthracosis of the prescalene 
lymph nodes was reported. These nonspecific entities had no correlation with 
the intrathoracic disease. 

All of the diseases encountered in this series of lymph node biopsies have been 
reported previously (table 1). Sarcoidosis was the mest consistently diagnosed 
disease, 87 per cent of the nodes revealing this characteristic change. Silicosis of 
the lymph nodes was present in 40 per cent of the patients with pulmonary sili- 
cosis or silicotuberculosis. 

Bacterial and fungal infections infrequently involved the prescalene lymph 
nodes. All cultures were sterile except one which was positive for tubercle bacilli. 
In 4 nodes (14.3 per cent), there were changes which were histologically com 
patible with tuberculosis. No nodes had histologic or bacteriologic evidence of 
fungal disease. 

Primary carcinoma of the lung comprised the largest individual group in which 
scalene biopsy was performed (table 2). During the period of review, there were 
156 patients with the diagnosis of pulmonary carcinoma. Sixty-four of these pa 
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TABLE 3 
or Exptoration ror Carcinoma or THe Lune 1n 64 Patients Wuo 
Hav Hap Scatene Nope Biopsy 


Negative Scalene Biopsy Positive Scalene Biopsy 


Operation Operation 


Explored and resected 
Explored and nonresectable ( Explored and nonresectable 
Inoperable Prevented exploration 


TABLE 4 


Resvuuts or Scatene Nope Biopsy purine Eacn CaLenpar YEAR 


Number of Positive Nodes Number of Speci- | Percentage of Spec- 
mens Without imens Containing 


Number Per Ce Lymph Nodes 


20 : 80 

13 : 61. 
47 : y 2, 89.! 
80 


Total 160 3 20.! 90.0 


tients had sealene node biopsies. Ten of these nodes (15.6 per cent) were positive 
for neoplastic disease. Bronchoscopy and sputum examinations failed to reveal 
histologic or cytologic evidence of carcinoma in the 10 patients. Of the 64 pa- 
tients, however, bronchoscopic biopsy led to the finding of carcinoma in 22 in- 
stances (34.4 per cent). Of the 54 cases of carcinoma with normal scalene nodes, 
10 were operable (table 3). In 21 of these cases (39 per cent), the carcinoma was 
resected. One patient with carcinumatous disease in the scalene node was oper- 
ated upon, but the lesion was not resected. 

Of the 160 biopsies performed, 154 were unilateral. Ninety-seven were per- 
formed on the right side only and 22 (23.6 per cent) revealed evidence of a specific 
disease. Fifty-seven were performed on the left only and 10 (17.5 per cent) speci- 
mens were diseased. Of the 6 bilateral node biopsies, only a single node was found 
to contain evidence of a specific disease. 

The chest roentgenograms of the patients with positive scalene nodes were not 
characteristic of the diseases found. Of 5 biopsies for solitary peripheral lesions, 
less than 3 cm. in diameter, there were none in which disease was detected in 
the nodes 

The importance of good technique is indicated by a yearly analysis of the 
biopsies performed (table 4). As experience increased, the percentage of positive 
results on examination of biopsy material increased. Simultaneously, the num- 
ber of specimens without nodes decreased. It is now believed that removal of a 
fat pad without nodes represents an incomplete procedure. 

No serious complications were encountered in this series. 
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DISCUSSION 


The percentage of nodes in this series in which definite diagnostic findings were 
obtained is slightly less than has been reported in most other series (3, 5, 6, 8). 
Now that the procedure has been standardized, approximately one in four are 
found to contain diagnostic evidence. This number attests to the value of the 
procedure as a diagnostic adjunct. The procedure has offered a histologic diag- 
nosis when other standard methods have failed. In some cases it has reduced the 
hospitalization time necessary for observation and diagnosis and has shortened 
the interval between the onset of disease and specific treatment. Finally, it has 
reduced the number of diagnostic thoracotomies. 

The complete significance of a scalene node positive for pulmonary carcinoma 
cannot be obtained from this series. It is most likely that a positive node contra- 
indicates a thoracotomy. This may not be true for the group of patients resected 
for palliation only. Often the positive biopsy is represented by a single, almost 
microscopic node with malignant cells. 

The fact that the scalene node biopsy is merely a diagnostic aid must always 
be kept in mind. A biopsy which provides normal tissue is certainly of little sig- 
nificance. Positive findings in biopsy material can sometimes be misleading. In 
this series, 2 patients had both tuberculosis and carcinoma; and one patient had 
silicosis, tuberculosis, and carcinoma. The possibility of multiple disease must 
be kept in mind, especially when corollary clinical evidence is suggestive. 

Small, solitary, peripheral lesions are not likely to be resolved with a scalene 
node biopsy. Excision biopsy is usually indicated for this type of lesion. With 
this exception, the appearance of the chest roentgenogram does not limit the 
indications for a diagnostic biopsy. 

The diagnosis may not always be present even in the “‘positive’’ node. Sar- 
coidosis produces a characteristic granulomatous lesion of the lymph nodes. 
This lesion, as pointed out by Hardy (9), is not always easy to distinguish from 
that of beryllium poisoning. One patient in the series did have a scalene node 
positive for sarcoidosis. This patient’s chest film was compatible with either 
Boeck’s sarcoid or berylliosis, and he had a history of exposure to beryllium. 


SUMMARY 


The sealene lymph node biopsy is a valuable diagnostic adjunct. Positive 
results will be more easily obtained in cases of hilar adenopathy or diffuse bi- 
lateral pulmonary infiltration. The roentgenographic appearance, however, 
should not limit the use of the procedure in undiagnosed lung disease. 

A sealene node biopsy supplements other established diagnostic routines. A 


positive finding of carcinoma by biopsy is a contraindication to exploration for 
carcinoma of the lung. The value of the procedure is directly proportional to the 
skill of the operator. If no lymph nodes are obtained, the biopsy is inadequate. 
Positive findings in biopsy material must be interpreted along with the clinical 


findings. Granulomatous lesions are not always sufficiently specific to resolve a 
doubtful diagnosis. 
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SUMARIO 


Repaso Analitico de Ciento Cincuenta y Un Casos Consecutivos de Biopsias de los Ganglios 


Escalenos 

La biopsia de un ganglio linfdtico del escaleno constituye un valioso auxiliar diagnéstico 
Es mas probable que se obtengan resultados positivos en casos de adenopatia hiliar o de 
infiltracién pulmonar bilateral difusa. Sin embargo, el aspecto radiografico no debe limitar 
el uso del procedimiento en una afeccién pulmonar no diagnosticada 

Una biopsia de un ganglio escaleno complementa otras providencias establecidas de 
diagnéstico. Una biopsia positiva constituye una contraindicacién de la exploracién por 
carcinoma del pulmén. El valor del procedimiento guarda proporcién directa con la destreza 
del operador. Si no se obtienen ganglios linfdticos, la biopsia es inadecuada. Las biopsias 
positivas se interpretaran a la luz de los hallazgos clinicos. Las lesiones granulomatosas no 


son siempre suficientemente especificas para resolver un diagnéstico dudoso 


RESUME 


inal yse cru que 


de cent-soizante biopsies consécutives de ganglions scaléniques 

La biopsie des ganglions situés au contact des scalénes représente un adjuvant diag- 
nostique précieux. Elle augmente les chances d’obtenir des résultats positifs dans les cas 
d’adénopathie hilaire ou d’infiltrats pulmonaires bilatéraux diffus. En présence d’une 
affection pulmonaire non diagnostiquée, l’aspect radiologique ne devrait pas prévenir 
l'emploi de ce procédé 

La biopsie des ganglions situés au contact des scalénes est le complément des autres 
Une biopsie positive est une contre-indication a l’ex- 


méthodes diagnostiques classiques 
ploration dans le cancer du poumon. La valeur du procédé est directement proportionnelle 


A Vhabileté de celui qui opére. Lorsque l'on n’obtient pas de ganglions lymphatiques la 
biopsie est inadéquate Les biopsies positives doivent é@tre interpretees en tenant compte 
des signes cliniques. Les lésions granulomateuses ne sont pas toujours suffisamment spéci 
fiques pour résoudre un probléme diagnostique douteux 
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OBSERVATIONS ON THE CATALASE ACTIVITY 
OF TUBERCLE BACILLI’ 


RUTH M. VAN LIEW? 
(Received for publication September 17, 1956) 


INTRODUCTION 


In view of the large volume of literature on the attenuation of isoniazid-re- 
sistant tubercle bacilli for guinea pigs and a corresponding loss of catalase activity 
of these organisms, it appears that the catalase test might prove to be useful 
as a routine laboratory procedure. It appeared to the present writer that the 
validity of the catalase test should be confirmed before any widespread use of it 
was attempted. Questions which seemed worthy of consideration were: Does a 
patient consistently excrete catalase-negative tubercle bacilli once that state is 
induced; are bacilli that are highly resistant to para-aminosalicylic acid (PAS) 
and streptomycin also catalase negative; and finally are all catalase-negative 
bacilli isoniazid resistant? 

In an attempt to find answers for some of these questions, a laboratory study 
was undertaken to test the catalase activity of the entire population of tubercle 
bacilli cultured from all tuberculous patients in this hospital during the course of 
a year. All combinations of treatment with isoniazid, streptomycin, and PAS were 
included. The routine dosage of isoniazid was 300 mg. daily either alone or in com- 
bination with one or two of the other drugs. 

The advantages or disadvantages of a catalase-negative population of tubercle 
bacilli for the patient will not be discussed. 


MerTHODS 


Sputum or gastric specimens were processed monthly for all patients in the tuberculosis 
service at this hospital throughout the study. The 4 per cent sodium hydroxide method of 
concentration was used (1), and all specimens for diagnosis were inoculated on Léwenstein 

Jensen) and Petragnani media. The susceptibility tests were cultured on Léwenstein 
medium only. Drug concentrations in this medium were as follows: isoniazid, 5 and 10 > 
per ml; streptomycin, 10 and 100 y per ml; PAS, 10 and 100 y per ml. After growth was 
recorded and reported, the cultures were held upright in a 37°C. incubator until the colonies 
were well defined and the surface dry 

Resistance to isoniazid was determined by a comparison of the growth on the 54 per ml 
tube of the drug with the control tubes. If the growth was equal on the control and drug 
containing tubes, the organisms were considered resistant, and in instances when both the 
5 and 10 y tubes had some growth, but less than the control, the organisms were considered 
resistant. Susceptible organisms had slight or no growth on the 5 y tube. Streptomycin and 
PAS resistance were indicated by equal growth on the 10 y per ml. tube of the respective 
drug and control 

Catalase activity of the cultures was determined by dropping a mixture of equal quan 


‘ From the Veterans Administration Center, Whipple, Arizona 
* Present address: Central Laboratory—Bacteriology, Cincinnati General Hospital, 
Cincinnati, Ohio 
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tities of 30 per cent hydrogen peroxide* and 10 per cent Tween® 80‘ on the slant with a 
Pasteur pipette. This mixture can be held for several days in the refrigerator but should be 
checked before use for activity tests on a known catalase-positive culture. It was found 
that bottles of the H,O, held for long periods of time gave unreliable results. 

Catalase activity was indicated by the evolution of bubbles from the colonies within 
three minutes of application of the peroxide. A catalase-negative colony did not produce 
bubbles even after a prolonged five to ten minute exposure to the solution. On slants with a 
large number of colonies which displayed no evidence of activity, the culture was flooded 
with the peroxide solution, and evidence of bubbles at the bottom of the tube, at the surface 
of the solution, was recorded as doubtful. Because a slant containing only catalase-negative 
organisms did not have any evidence of bubbles at five or ten minutes of exposure, it was 
believed that the doubtful reaction indicated a very slight degree of activity of a few 
colonies 

Continuous transplants of catalase-negative organisms on Léwenstein media without 
isoniazid resulted in growth of only catalase-negative tubercle bacilli or a weak doubtful 
reaction, which indicated that the loss of catalase activity remained stationary in an organ- 
ism with or without the presence of isoniazid. Mixed cultures of catalase-positive and 
negative organisms were common, and upon transplant the catalase-positive organisms 
predominated 

The procedure employed in routine catalase testing was to test the control tube repre- 
senting the total cultured population of the patient's sputum, and subsequently the growth 
on the 5 and 10 y tubes of isoniazid and the 10 and 100 y tubes of PAS and streptomycin. 

All catalase tests reported were performed on original cultures of a patient’s sputum. It 
was believed that any subculture results would misrepresent the true status of the catalase 
activity of the original population of tubercle bacilli in a sputum. Even the primary culture 
could not represent all of the organisms in a specimen, due to loss in sampling, concentra 
tion, and lack of specific growth factors in the routine medium 


RESULTS 

A total of 1,480 catalase tests were performed on the cultured populations of 
tubercle bacilli from 293 patients. In order to study the stability of catalase 
activity in these cultured populations, an analysis was made monthly, for at 
least four months, of 86 patients who had cultures positive for tubercle bacilli. 
The remaining 207 patients were tested monthly for periods of less than four 
months, and 205 of them harbored catalase-positive organisms. The other 2 were 
outpatients who submitted sputum specimens only every six months, so they 
could not be studied consistently. 

In table 1 an analysis is presented of the 86 patients studied monthly for at 
least four months. Catalase-positive populations of tubercle bacilli were re- 
covered consistently from the majority of patients who were not treated with 
isoniazid and from all of those who received isoniazid but had drug-susceptible 
strains. Manyof the patients treated with isoniazid and who had infections resist - 
ant to that drug excreted catalase-negative populations; however, a consider- 
able number continued to discharge catalase-positive tubercle bacilli. 

There were 13 patients who consistently excreted populations of catalase- 
negative organisms. These will be disctssed later. 

It was apparent throughout the study that many of the patients who received 

* Superoxol (hydrogen peroxide, 30 per cent, Merck) available from Merck and Co., 
Inc., Rahway, New Jersey 

* Obtained from Hill Top Laboratories, 921 Wm. H. Taft Rd., Cincinnati, Ohio 
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TABLE 1 
CaTaLase Activity AND Ison1azip Status or Tupercie Recoverep rrom 
PaTIENts Stuprep Over a Periop or at Least Four Montus 


Catalase Activity of Cultures 


Varied Positive 
Positive Negative Negative, 
Doubtful 


Total patients analyzed 86 
No isoniazid received during study 13 
Susceptibility unknown 12 12 
Susceptible to isoniazid l l 
Isoniazid received during study : 73 
Susceptible to isoniazid 31 31 
Resistant to isoniazid 29 7 10 12 
Resistance varied 13 9 2 2 


TABLE 2 


CaTALase Activity OF MontTuiy Popucations or Two Patients TREATED witH IsoNIAZID 


Month 1 2 ; 4 5 6 7 8 9 10 il 
Patient No. + | t + 
Patient No. 2 + + O C @®\+!\@6 

* + Catalase positive; O catalase negative; ® doubtful catalase activity 


isoniazid were harboring mixed populations of catalase-positive and catalase- 
negative tubercle bacilli. This was demonstrated by the 14 patients (table 1) 
who excreted populations of tubercle bacilli which varied monthly in catalase 
activity and also by the results of the catalase tests done on the growth present 
on the drug-containing tubes. 

The complete series of catalase tests which were performed on the cultured 
populations of 2 representative patients is given in table 2. It is evident that 
at any time during the study a single catalase test on a monthly culture from 
these patients would have been misleading. 

Representative patterns of catalase activity encountered with isoniazid- 
resistant organisms are shown in table 3. Specimen 1, although resistant to 10 y of 
isoniazid, was catalase positive on the control and on all drug tubes. Specimens 2 
through 5 demonstrate the mixed populations encountered. It was reasoned that 
the entire population of these specimens (control tube) consisted of both catalase- 
positive and -negative organisms with a resultant positive report. In contrast, 
the growth on the 5 and 10 y isoniazid tubes consisted of resistant organisms 
and these tubercle bacilli were usually catalase negative. Specimen 6 represents 
the isoniazid-resistant populations encountered which were completely catalase 
negative. 

The presence of mixed populations of catalase-positive and -negative organisms 
was also demonstrated by the tests performed on the growth on the streptomycin 
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TABLE 3 
PaTrerns or Activity oF Specimens ContTaininG Isontazip 
RESISTANT ORGANISMS 


7 of Isoniazid per M! 


Specumen Control 

5 10 

l + + + 

2 7 

+ © 2) 

® 

5 4 + 9 

6 O 

+ Catalase positive; catalase negative; ® doubtful catalase activity 

TABLE 4 


PATTERNS oF CaTALase Activiry oF AND PAS-ReststantT ORGANISMS 


Ison asi Streptomycin of PAS per MI 
per per MI 
Contro 
10 10 too 10 100 
4 4 
4 4 
5 +> + > 
4 f + 4 
7 4 } 
s + + > 
> + 
10 + + + 
Catalase positive; catalase negative; ®@ doubtful catalase activity 


and PAS tubes. When the populations consisted of some isoniazid-resistant, 
catalase-negative organisms, streptomycin-resistant and PAS-resistant tubercle 
bacilli were also otcasionally catalase negative. In the absence of isoniazid- 
resistant, catalase-negative organisms, all tubercle bacilli resistant to strepto- 
mycin and PAS were catalase positive. Some patterns of this kind are set forth 
in table 4. Specimens | and 2 consisted entirely of catalase-negative organisms. 
Specimens 3 and 4 contained a mixed population of catalase-positive and -nega- 
tive organisms. As indicated previously, the organisms which were catalase 
negative were resistant to 5 and 10 y of isoniazid, and in these instances the 
organisms resistant to 100 y of streptomycin and PAS were also catalase nega- 
tive. Specimens 5 through 10 contained tubercle bacilli resistant to streptomycin 
and PAS, with and without isoniazid resistance, which were entirely catalase 
positive 

By performing monthly catalase tests on the populations from individual 
patients, it was possible to observe the gradual emergence from positive catalase 
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TABLE 5 


EMERGENCE OF CATALASE-NEGATIVE ORGANISMS 


Durinc TREATMENT ISONIAZID 


Isoniazid PAS 
Date of Sputum Control = 
5 y per ML. 10 y per ML 10 y per Ml 100 + per MI 

July + + ‘e 
August + 4 O 
September + + Bs) 
October O 
November + + > + 
December + + 
January : + + + 
March + a 
April C 
May * C 
June 

+ Catalase positive; catalase negative; ® doubtful catalase activity 


activity to a negative state. The 13 patients whose tubercle bacilli were catalase 
negative and the 59 whose bacilli were catalase positive, as given in table 1, 
showed no change in this characteristic of their strains throughout the study. 
However, among the 14 patients in whom month to month variations in the 
catalase activity of their tubercle bacilli occurred, there was evidence of a tend- 
ency toward loss of activity. It is presumed that the two examples given in 
table 2 would have eventually become completely catalase negative. 

A typical “‘conversion” is given in table 5. The monthly catalase tests were 
recorded on the total population of tubercle bacilli as well as on the isoniazid- and 
PAS-resistant organisms. At the beginning of the study the population consisted 
of both catalase-positive and -negative organisms. The February specimen con- 
tained a greater number of catalase-negative organisms, and in April the entire 
population had become essentially negative. The study was discontinued before 
it was definitely ascertained that the population had become completely nega- 
tive. As demonstrated previously (table 2), there can be considerable variation 
from month to month which is also evident in this example. Although the April 
and May specimens consisted entirely of catalase-negative organisms, the June 
specimen showed a slight amount of activity. 

A summary of the 13 patients who were considered to have harbored only 
catalase-negative organisms throughout the study is given in table 6. One patient 
(No. 1) did not receive isoniazid during the study and his strain was susceptible 
to 5 y of isoniazid; however, he had received this drug previously. Patients Vos. 2 
and // had strains resistant to isoniazid (5 y), but at the conclusion of the study 
both were discharging drug-susceptible tubercle bacilli. 

Cultures from 9 of these patients (table 6, Nos. 1, 2, 3, 5,7, 8, 10, 11, 13) were 
inoculated into guinea pigs to determine pathogenicity. At autopsy in six weeks 
no definite gross evidence of disease could be seen except for large abscesses at 
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TABLE 6 
Summary or Patients Excretinc Tupercie 
Patient Number | 
l 6 No s* 
2 Yes 
3 8 Yes R 
{ 5 Yes R 
5 4 Yes R 
6 5 Yes R 
7 7 Yes R 
Ss 7 Yes R 
9 4 Yes R 
10 8 Yes R 
11 7 Yes V-s 
12 4 Yes R 
13 10 Yes R 


*S = Susceptible to 5 y of isoniazid per ml.; V-S = varied from resistant to susceptible; 


R = Resistant to 5 » of isoniazid per ml 


the site of inoculation. Tissue sections of the spleens or livers showed lesions, 
many of which contained acid-fast organisms. Cultures of the abscesses of all 
guinea pigs resulted in isoniazid-resistant, catalase-negative organisms except 
those of the guinea pigs inoculated with cultures from patients Nos. / and 2 
(table 6), in whom the abscess cultures were isoniazid susceptible and catalase 
negative. 

This smal! series of guinea pig studies merely confirms that the catalase- 
negative populations of tubercle bacilli from the few patients in this study whose 
infections had reached that state were attenuated for this animal species. No 
over-all conclusions should be made from such a series. 


DISCUSSION 


Middlebrook and associates (2) and Wolinsky and associates (3) tested the 
catalase activity of tubercle bacilli from patients treated with increased dosages 
of isoniazid. Both groups of investigators reported a much larger percentage of 
patients who excreted catalase-negative organisms than was found in the present 
study. Of the total 293 patients studied, only 13 were considered to excrete 
catalase-negative organisms. It is apparent that the routine dosage of 300 mg. of 
isoniazid daily does not render a patient’s population of tubercle bacilli catalase 
negative in a relatively short time. The majority of the patients with infec- 
tions resistant to 5 y of isoniazid excreted populations of bacilli containing both 
catalase-negative and catalase-positive organisms. The 13 patients considered 
to have catalase-negative populations of tubercle bacilli had advanced disease 
and had received various combinations of drug therapy, including isoniazid, for 
several years prior to this study. No patients with previously untreated tuber- 
culosis who entered the hospital during the year of the study and received 
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isoniazid attained a state in which they consistently discharged catalase-negative 
tubercle bacilli. 

Routine catalase testing, therefore, in hospitals employing the 300 mg. dosage 
of isoniazid would necessarily be a tedious procedure of multiple tests on each 
patient’s population for long periods of time before there could be assurance that 
the population had become completely catalase negative. A single catalase test 
could not be relied on, since, of the 73 patients receiving isoniazid who were 
studied over a period of four months or more, there were 14 whose cultures varied 
from month to month with catalase-positive, -negative, and doubtful reactions. 

A negative catalase reaction appears to be associated with isoniazid resistance 
in most instances. The one patient with a strain susceptible to 5 y of isoniazid 
and the 2 whose strains reverted to drug susceptibility during the study were 
the exceptions. However, the large number of patients receiving isoniazid whose 
cultures contained mixed populations of isoniazid-susceptible, catalase-positive, 
and isoniazid-resistant catalase-negative organisms, as demonstrated in table 3, 
give strong evidence that the catalase activity is associated with isoniazid re- 
sistance. All cultured populations from patients receiving streptomycin and 
PAS were similarly catalase positive except when associated with isoniazid 
resistance. 

In conclusion, the following has been found from this series of catalase testing 
of cultured populations of all patients hospitalized during the study: 

When the population of tubercle bacilli from a patient is catalase 
negative for a period of at least four months, it remains negative. 

During isoniazid therapy the population of tubercle bacilli often 
contains both catalase-positive and catalase-negative organisms. 

Streptomycin- and PAS-resistant organisms are catalase positive 
except when associated with isoniazid resistance. 

A negative catalase reaction is not always associated with culturally 
demonstrated resistance to 5 y of isoniazid per ml. 

Treatment with 300 mg. of isoniazid daily does not induce a rapid 
change of the infecting population of tubercle bacilli to the catalase- 


negative state. 
SUMMARY 


Monthly catalase tests were performed on the cultured populations of tubercle 
bacilli from 293 patients receiving all combinations of chemotherapy in order to 
test the validity of the catalase test for routine purposes. Twelve patients treated 
with the routine dosage of 300 mg. of isoniazid daily and one who did not receive 
isoniazid during the study were found to excrete catalase-negative organisms 
consistently. The remaining patients receiving isoniazid excreted populations of 
tubercle bacilli which were catalase-positive or mixtures of catalase-positive and 
-negative organisms. The populations from patients not receiving isoniazid 
(except the previously mentioned one) were catalase positive. 

PAS- and streptomycin-resistant organisms were catalase positive except 
when associated with isoniazid-resistant, catalase-negative organisms. 
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Routine catalase testing of cultured populations of tubercle bacilli in hospitals 
employing the dosage of 300 mg. of isoniazid daily is not recommended. Monthly 
specimens from patients treated with that dosage often varied, with populations 
either catalase-positive, -negative, or doubtful. A single test on one specimen from 
a patient would not give reliable information, and monthly testing would become 
a tedious procedure. 


SUMARIO 
Observaciones sobre la Actividad Cataldsica de los Bacilos Tuberculosos 


\ fin de determinar la validez de la prueba para fines corrientes, se ejecutaton pruebas 
mensuales de la catalasa en las poblaciones bacilares cultivadas de 293 enfermos que recibian 
toda clase de combinaciones de la quimioterapia. En 12 enfermos tratados con la dosis 
habitual de 300 mg. diarios de isoniacida y uno que no recibié isoniacida durante el estudio, 
se observé constantemente que excretaban microbios catalaso-negativos. Los deméas 
enfermos que recibian isoniacida excretaron poblaciones de bacilos tuberculosos que eran 
catalaso-positivos o mezclas de bacilos positivos y negativos para la catalasa. Las 
poblaciones procedentes de enfermos que no recibian isoniacida (excepto el ya mencionado 
fueron catalaso-positivos 

Los microbios PAS- y estreptomicino-resistentes fueron positivos para catalasa, excepto 
cuando estaban asociados con microbios isoniacido-resistentes, catalaso-negativos 

No se recomienda la comprobacién sistematica para catalasa de las poblaciones bacilares 
cultivadas en hospitales que emplean la dosis de 300 mg. de isoniacida diariamente. Los 
ejemplares mensuales de los enfermos tratados con dicha dosis variaron a menudo, siendo 
ya positivos o negativos para catalasa o dudosos. Una sola prueba en un ejemplar procedente 
de un enfermo no aportaria informacién fehaciente, y la comprobacién mensual se 
convertiria en un procedimiento fatigoso 


RESUME 
Observations sur lactivité de la catalase du bacille tuberculeur 


Des tests mensuels relatifs A la catalase ont été effectués sur les populations des cultures 
provenant de 293 malades recevant diverses combinaisons chimiothérapeutiques, pour 
éprouver la validité de ce test dans son application routiniére. Douze malades traités par 
la méthode habituelle avec 300 mg d’isoniazide par jour et un malade qui ne recevait 
pas d‘isoniazide durant cette étude ont constamment excrété des bacilles catalases-négatifs 
Les autres patients recevant | isoniazide excrétaient des populations de bacilles tuberculeux 
qui étaient catalases-positifs ou des mélanges de bacilles catalases-positifs et négatifs 
Les populations provenant de malades ne recevant pas | isoniazide (sauf celui précédem- 
ment mentionné) étaient catalase-positives 

Les bacilles PAS et streptomycino-résistant étaient catalase-positifs sauf quand ils 
étaient associés A des organismes isoniazide-résistants, catalase-négatifs 

Les tests de catalase routiniers effectués sur les populations des cultures, dans les hépitaux 
utilisant la dose de 300 mg d’isoniazide par jour, ne sont pas conseillés. Les prélévements 
mensuels effectués chez des malades traités avec cette dose variaient souvent, les popula 
tions étaient catalase-positives, négatives ou indéterminées. Un seul test pratiqué sur un seul 
prélévement chez un malade ne peut donner une information valable et le test mensuel 
deviendrait un procédé sans intérét. 
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DIABETES AMONG YOUNG TUBERCULOUS PATIENTS'* 
A Review of the Association of the Two Diseases 
GEORGE P. NICHOLS? 
(Received for publication March 14, 1957) 
INTRODUCTION 


The frequent association of diabetes mellitus and tuberculosis has been ob- 
served for more than 2,000 years, and the reason for this correlation still is not 
known. Interest in the present study began when it was discovered on one ward 
that several patients with lower lobe tuberculosis were latent diabetics. At one 
time it seemed that a majority of the patients with lower lobe or hilar tuber- 
culosis might have diabetes. Wider use of glucose tolerance tests demonstrated 
that this was not quite true, although there still appeared to be some relation- 
ship, as first noted several years ago by Sosman and Steidl (1). They spoke of 
this hilar localization as “‘diabetic tuberculosis.” In deciding whether or not 
more patients with lower lobe tuberculosis had diabetes than other tuberculous 
patients, the present writer endeavored to determine just how many diabetics 
there were among the whole group of tuberculous patients of this age and cir- 
cumstance. The rather high incidence of abnormal glucose tolerance tests found 
among this general group is the subject of the present report, since such a finding 
has not been recorded previously. Although diabetics are known to have an 
added incidence of tuberculosis, previous opinion has held that diabetes is no 
more common among tuberculous patients than among the general population. 


MATERIALS AND Metnops 


\ total of 305 subjects in Fitzsimons Army Hospital were given a screening test for 
diabetes by collecting single blood and urine specimens two hours after the ingestion of 
100 gm. of glucose by patients in the fasting state. This is in effect the abbreviated glucose 
tolerance test used by Duncan (2) and Perl (3). A follow-up standard tolerance test was 
done when the result of the screening test was abnormal. Blood sugars were determined 
by a modified Folin-Wu method. Those subjects who had glycosuria or two-hour blood 
sugar concentrations of more than 120 mg. per 100 ml. on the screening procedure were 
tested after an interval of a week or more by the standard three-hour oral tolerance test. 
Patients were prepared for the test by a diet containing 300 gm. of carbohydrate per day 
during the preceding three days. During the test, patients were instructed to rest in bed 
and not to smoke. Oral medications such as chloral hydrate, acetylsalicylic acid, PAS, 
and isoniazid were not given during testing and had been withheld for twelve or more 
hours prior to testing. Streptomycin injections, however, were given as usual. When the 
patient's day for receiving streptomycin coincided with his testing day, the streptomycin 
was given one to two hours before the start of the test, and that patient’s survey card was 
marked to indicate the injection for later possible correlation with the test result. When 
unfavorable testing conditions were known to exist, it was usually possible to repeat or 
re-schedule the laboratory examination. This situation arose on a few occasions, e.g. when 
the patient had taken the sugar solution but vomited (two instances), the event of an 


‘From Fitzsimons Army Hospital, Denver, Colorado 
* Presented before the Minneapolis Society of Internal Medicine, September 19, 1956. 
‘Present address: 606 Zuelke Building, Appleton, Wisconsin. 
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intercurrent minor illness or of recent surgery, an error in measuring sugar solution on 
one morning early in the study, and when the possibility of a laboratory error was con- 
sidered. 

Within the total of 305 subjects, there was a relatively homogeneous subgroup of 178 
young enlisted men with tuberculosis. The average age for the group was 27.9 vears, ranging 
from 18 to 53 years. More than half of them were 21 to 26 years old. The average age for 
the diabetics was 33.4 years. The 178 patients represent the entire military census of four 
adjacent tuberculosis wards. The following analysis concerns them. 


Criteria of Diabetes 


Unfortunately there are differences of opinion among authorities concerning the normal 
limits of glucose tolerance. The criteria of Joslin and associates (4) for the presumptive 
diagnosis of diabetes have been stated as follows: 

1. Fasting blood sugar more than 120 mg. per 100 ml. 

2. Blood sugar peak more than 170 mg. per 100 ml. 

3. Two-hour blood sugar more than 120 mg. per 100 ml. 
Loeb’s criteria (5) are the same. Eighteen per cent of the patients met one or more of these 
criteria. Duncan (2, 6) ignores the blood sugar peak and presumes the presence of diabetes 
in those with a two-hour concentration exceeding 130 mg. per 100 ml. (more recently 140 
mg. per 100 ml). Glycosuria enforces the suspicion, since glycosuria may lower the toler. 
ance curve. A two-hour blood sugar of 120 to 140 mg. per 100 ml. is considered abnormal 
but not diabetic. In 9 per cent of these 178 patients, the two-hour blood sugar was 140 
mg. per 100 ml. or higher. Blotner (7) and Blotner and Hyde (8) regard a peak of more 
than 180 mg. per 100 ml. with glycosuria as suspicion of diabetes in itself. Eight per cent 
of the patients were diabetics by this measurement alone. 

Standards of normality for the glucose tolerance test in another military installation 
among nontuberculous subjects of the same average age as the present group have been 
reported by Moyer and Womack (9). These writers have systematically studied various 
types of tolerance tests in 103 young non-obese men, using the standard oral test, the 
one-hour two-dose test, an intravenous tolerance test, and the two-hour postprandial 
blood sugar. Those tested were hospital employees, ambulatory orthopedic patients, 
patients with uncomplicated duodenal ulcer, and patients with otorhinologic disease. The 
average age of those tested was 28 years. None were included who had a family history of 
diabetes. Of the four tests, the standard oral test was found to be the most specific and 
the most sensitive. Eleven per cent of their subjects had a peak blood sugar of more than 
180 mg. per 100 ml., but none of the 103 were diabetic in that none showed a two-hour 
blood sugar of more than 120 mg. per 100 ml. In table 1 a comparison is offered between 
the results obtained by Moyer and Womack in their series of “normals” and the results 
obtained in the present group of tuberculous patients tested routinely. 

In the present survey, the presence of any one of the following criteria has been used 
to indicate an “abnormal tolerance test.” 

1. Fasting blood sugar of more than 120 mg. per 100 ml. 

2. Peak blood sugar of more than 180 mg. per 100 ml. 

3. Blood sugar of more than 130 mg. per 100 ml. at two hours 

4. More than a “trace” of glycosuria. 
A tolerance test was classified as “diabetic’’ only when all of the above criteria coincided 
except for the requirement of an abnormal fasting blood sugar. It was on these grounds 
then that patients were divided into the following four groups for the purpose of comparing 
corollary data. 

Group 1: Those with a normal screening test 
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TABLE 1 


Diaperes Testinec NormMat SuBsects AND In TuBERCULOUS PaTIENTS* 
Moyer & Womack (9) Present Report 
103 Normal Patients 158 Tuberculous Patients 


N 
Number of Per cent umber of 


Patients Patients Per cent 


Fasting blood sugar more than 
120 mg. per 100 ml 
Peak blood sugar more than 
160 mg. per 100 ml 
170 mg. per 100 ml 
180 mg. per 100 ml 
200 mg. per 100 ml 
Two-hour blood sugar more than 
Fasting 
100 mg. per 100 ml 
110 mg. per 100 ml 
120 mg. per 100 ml 
125 mg. per 100 ml 
140 mg. per 100 ml 
Three-hour blood sugar more than 
Fasting 
120 mg. per 100 ml 


* Subjects with a family history of diabetes have been excluded from both groups in this 


table 
t Three standard deviations in Moyer and Womack’s series 


Since a full glucose tolerance test was not done on all patients, parentheses are used 
to indicate where the numbers given represent only a part of the total group 


Group 2: Those with an abnormal screening test, but a normal glucose tolerance test. 
Group 3: Those with an abnormal screening test and an abnormal but not diabetic 
glucose tolerance test 

Group 4: Those with an abnormal screening test and a diabetic glucose tolerance test 
Separation of the latter two groups from each other is arbitrary, of course, and a broad 
group between the normal subjects and the diabetics is labeled simply ‘‘abnormal glucose 
tolerance, not diabetic.”” This group probably contains some mild diabetics and no doubt a 
number of future diabetics. Patients in this latter category were advised to have routine 
follow-up testing about every two years. 


OBSERVATIONS 
Results of Diabetes Testing 


One-third of the patients had abnormal screening test results, and 5 per cent 
were found to have diabetes (figures 1 and 2). Only one patient of the 178 showed 
an elevated fasting blood sugar, in keeping with the fact that the group had 
previously received induction and annual physical examinations and were pre- 
sumably nondiabetic. 

The importance of glycosuria was indicated in several ways during the screen- 
ing procedure. One-fourth (46) of all 178 patients showed a trace to 4-plus glyco- 
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suria on the screening test, and more than one-fifth (33) showed a two-hour 
blood sugar of more than 120 mg. per 100 ml. About half of those who showed 
either glycosuria or an elevated blood sugar had abnormal values in follow-up 
glucose tolerance tests, whereas, of 17 patients who showed both glycosuria and 
hyperglycemia on the screening test, all but one had abnormal glucose tolerance 
tests, and 6 were diabetic. Of 29 patients with glycosuria as the only abnormality 
during the screening test, 8 subsequently showed hyperglycemia, in one instance 
a diabetic curve. Although 33 patients had glycosuria at some time or other 
during testing, only 3 patients qualified for further study for (nondiabetic) renal 
glycosuria. The remainder were eliminated from this consideration because the 
glycosuria was not present in the fasting state or because of an associated ab- 
normal glucose tolerance test. 


Glucose 
Scressing olerance Test 


Normal 116 


| Normal 23 


}- Abnormal 30 
Abnormal 62 Diabetic 9 


Fic. 1. The results of diabetes testing of 178 tuberculous patients examined routinely 


oe 


23 NORMAL tests 30ABNORMAL tests 9 DIABETIC tests 


—- Average 


~ 
a 


Range 


Blood Sugar (mg. per 100 ml.) 
° 


2 3 0 Vy 1 
Time in Hours 


Fic. 2. The illustration shows the results of follow-up testing among tuberculous pa 
tients examined routinely 
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TABLE 2 


CLassiFicaTion 1N 178 Tupercutous Patients Examinep RovuTtineLy 


Other Extrapulmo 


Ple sion 
ural Effu nary Tuberculosis 


148 with pulmonary tuberculosis 14 1] 
70 minimal lesions 
42 moderately advanced 
8 far advanced 
24 postoperative 
30 without pulmonary tuberculosis 


Other Findings 


Most of the men had minimal or moderately advanced pulmonary tubercu- 
losis but were otherwise in good general health. The status of their tuberculosis 
is classified in table 2. Pleural effusions were common and occurred in one of 
every 5 patients at the hospital. The degree of clearing of parenchymal tuber- 
culous disease seen on roentgenograms of the chest was good to excellent in more 
than three-fourths of the patients and there were no important differences related 
to glucose tolerance. The presence of auxillary disease states and minor medical 


abnormalities showed no significant correlation to glucose tolerance when taken 
either individually or in the aggregate. 

None in the diabetic group were either obese or losing weight at the time of 
testing. The average ponderal index‘ of diabetics (which was 2.18) was not much 


different than the average index for all four groups (which was 2.22). The few 
overweight patients encountered all showed normal glucose tolerance. 

The patient’s level of allowed physical activity could not be definitely corre- 
lated to the incidence of abnormal glucose tolerance tests in this patient group. 

The present survey group contained 66 per cent whites, compared to 89 per 
cent in the general population (11) and to 87 per cent in the Army enrollment 
(12). Previous epidemiologic survey (13) has shown that the development of 
new tuberculosis while in service is more common in non-whites. Thus, although 
the survey group was racially slanted, no significant racial variations between 
diabetics and nondiabetics were apparent. Members of Jewish ethnic groups 
are believed to have considerably more diabetes than the general population, 
but none of these 178 patients were of Jewish descent. 

A family history of diabetes was obtained in 20 patients (11 per cent). Four of 
these 20 had abnormal tolerance tests and 3 others had diabetes. Thus, 3 of the 
9 diabetics had diabetic relatives. With one exception these data are about what 
would be expected in the general population; the incidence of diabetes and glu- 
cose intolerance among people with a family history of diabetes has been vari- 
ously reported 25 per cent (14), 32 per cent (8), and 42.8 per cent (3). The excep- 
tion is that the number of tuberculous patients in this survey with a family 


‘ The ponderal index used by Robinson (10) is a convenient index of obesity for group 
comparisons. When obtained by dividing the weight in pounds by the height in inches, 
the normal range is 2.0 to 2.5. Obesity usually exists at a ratio of 2.7 or more, while light 
weight and underweight persons have an index of less than 2.0. 
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history of diabetes is twice as high as among military selectees. Blotner (7) found 
that 5.2 per cent of 2,293 consecutive nondiabetic selectees gave a family history 
of diabetes, compared to 10.1 per cent of 169 consecutive nondiabetic tuberculous 
patients in this series. This finding is unexplained but is of interest because it 
provokes the suspicion that a family history of diabetes, as well as the actual 
presence of detectable diabetes, may somehow make an individual more likely 
to contract tuberculosis. 

In this regard it is interesting to note that the elevated fetal mortality rate in 
diabetic women is established many years before the appearance of clinically 
apparent diabetes (15). Perhaps the same is true of tuberculosis. Possibly the 
glucose tolerance test is not sensitive enough in discovering instances of very 
mild diabetes. It has been noted, for example, that other clinical states associated 
with diabetes may also appear before any abnormalities in glucose tolerance are 
detectable. The delivery of large babies can precede the appearance of clinical 
diabetes in women who years later become diabetic (15, 16). Children of diabetic 
mothers have shown vsscular abnormalities in the bulbar conjunctivae (17). 
Diabetic retinopathy (16) and peripheral neuropathy (18) have also been noted 
to precede the development of diabetes. Even the presence of obesity, the admin- 
istration of steroids, and certain disease states—things which may produce a 
temporary glucose intolerance—a.. regarded by some as provocative indicators 
of diabetes which may reappear spontaneously at a later time (16). 

All patients had been under treatment for 24 months or less at the time of 
testing, averaging 7 to 9 months for all diabetic testing groups. This interval was 
measured from the time the patient was first placed on rest or on antituberculous 
drugs, whichever was the earlier. The mean duration of such therapy was slightly 
less in those with abnormal tolerance tests than in those with normal tests 
7.2 months compared with 8.9 months. The majority of patients were receiving a 
combination of streptomycin and isoniazid. No valid relationship was found 
between the different drug regimens employed and the number of abnormal 
glucose tolerance tests. 

An attempt has been made to describe the group studied in terms of age, sex, 
race, obesity, and in other ways because of the known potential of these factors 
to influence results. Complete control of all elements, of course, has not been 
achieved. For instance, although it is known that some diabetics have already 
been eliminated from the study group because of induction and annual examina- 


tions, the quantity of this variable is unknown. Moreover, it is possible that an 


increased number of potential diabetics entered this study because of some tend- 
ency by the referring doctor to send those with both tuberculosis and glycosuria 
to this particular hospital. To the best of the writer’s knowledge, however, the 
mechanism of admission of military men to tuberculosis centers in the United 
States involves no highly differential choice from the standpoint of the referring 
doctor. This mechanism is apparently governed only by the consideration of the 
presence of pulmonary lesions and the question of geographic distribution of the 
patient load. The diabetic patients in this study were all admitted directly to 
the pulmonary disease section. 

Diabetes testing was carried out in 127 other subjects. These people do not 
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represent a uniform group however, because they were selected for testing for 
various reasons. The largest unit among these was a group of older men, 45 
tuberculous patients taken in random fashion from two wards of veterans. Their 
average age was 45 years; 33 were classified as having far advanced pulmonary 
tuberculosis, and their allowed physical activity level was lower than in the rou- 
tine military group. The screening test was abnormal in half of their number 
and, although follow-up testing was incomplete, there were 5 diabetics, or 11 per 


cent. 
Review of the Association of Diabeles and Tuberculosis 


An incidence of diabetes among these tuberculous patients of 5 per cent and 
11 per cent is considerably more than that generally found in surveys. In the 
United States, diabetes is a more common condition than tuberculosis and has 
a frequency in surveys of about 2 per cent. Occurrence of the two illnesses in the 
same individual has long been thought to be more than coincidental, but previous 
writings and findings lead to a peculiar consensus. Although most writers agree 
that, in a given diabetic population, tuberculosis is two or three times more 


frequent than in the general population, there is objection to the converse of this 


statement; and it is asserted that diabetes is no more frequent among tuber- 
culous patients than among the general population. This last deduction does 
not seem proper, and the basis for this viewpoint has been investigated in the 


literature and on the grounds of logic. 


Incidence of diabetes in the general population: The incidence of diabetes found in su 
veys varies considerably according to the population included, the method of screening, 
and the criteria used in the diagnosis. The National Health Survey (19) in 1935-1936 
revealed a maximal incidence of diabetes during the seventh decade of life; this was 0.2 
per cent. Engelhardt and others (20) in 1953 found 2 per cent diabetes and 1.4 per cent 
potential diabetes among 500 employees whose average age was 39.8 years. All diabetics 
were between 40 and 65 years of age. In a younger age group, Reinberg and others (21) 
reported 0.64 per cent diabetes among 3,132 students at the University of Southern 
California, and they refer to other surveys in the age group 16 to 24 years as showing 0.2 
to 0.6 per cent diabetics. Fox (22) reported 0.36 per cent diabetics among 19,358 students 
at the University of Minnesota who were examined 

Using glycosuria as a means of screening, Blotner and Hyde (8) found 0.46 per cent 
diabetics in 45,650 preinduction examinees. Petrie and others (23) reported 1.87 per cent 
with a lowered glucose tolerance among 546,000 persons screened by a single postprandial 
blood sugar in a Georgia survey; and 2.7 per cent diabetics in a survey of Georgia industries 
were reported by Fetz and Petrie (24). A diabetes detection campaign in Minnesota 
reported in 1953 (25) showed 2.05 per cent positive screenings in over 32,000 urine speci- 
mens submitted for testing by the Dreypak strip test method. Figures for this method in 
other large groups (26, 27) have shown 7.7, 4.2, and 3.5 per cent positive urines. In 1934 
John (28) reported finding diabetes in 8 to 12 per cent of unselected clinic patients less 
than 40 years of age and in varying degrees of health. In 1955, Parkhurst and Betsch (29) 
reported 2.4 per cent newly discovered diabetics among 5,967 clinic patients. Blotner and 
Hyde (8) refer to a high incidence in Jewish people (1.8 per cent) and in people of Irish 
descent (1.3 per cent). Joslin (4) refers to one survey in blind people in Massachusetts 
reporting 8.4 per cent diabetics, to some regional detection programs showing 3 to 4 per 
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cent diabetics, and to 2 per cent as the usual figure. Lawrence (30) states that the incidence 
of diabetes is 2 per cent in Sydney, Australia, half of 1 per cent in England, and 1.5 per 
cent in the United States. Marks (31) has estimated the maximal incidence of diminished 
glucose tolerance in the general population as 2 per cent. 

Incidence of tuberculosis in the general population: The prevalence of tuberculosis found 
at autopsy and by skin tests has always been considerably greater than the incidence of 
tuberculosis found by roentgenographic examination of the chest, but these data appar- 
ently have not been a source of confusion in the statistics concerned. While knowledge of 
the prevalence of pulmonary tuberculosis is not completely satisfactory, estimates are 
generally reasoned from the number of active cases currently on file, to wit, 250,000. 
Then, guidec by existing ratios and rates found in roentgenographic surveys, another 
150,000 undiscovered active cases are added (32-36). It is further estimated that another 
800,000 inactive cases exist (36). Public health surveys have shown an incidence of 
roentgenographic shadows suspicious of tuberculosis in 1.5 per cent of industrial workers; 
however, more than half of these are promptly eliminated as negative or nontuberculous 
by follow-up roentgenographic examination (37). Apparently the highest rate reported in 
the United States was 3.9 per cent of active tuberculosis among a group of homeless men 
(38). For communities examined in roentgenographic surveys, active tuberculosis has 
appeared in 0.1 to 0.2 per cent (38, 39). Thus, all reports indicate that, in the United States, 
pulmonary tuberculosis as found by roentgenography occurs on the average in about 0.3 
to 0.4 per cent of the general population (33, 40), and in less than 1 per cent by maximal 
estimates. 

In the Army, the tuberculosis rate is quite low. The over-all proportion of men dis- 
charged for tuberculosis during World War IT was 187 per 100,000 men discharged, and 
at least 58 per cent were discharged by reason of infections which they had on entrance to 
the service (13). 

Incidence of diabetes in tuberculosis: Banyai (41) in 1931 reported that 0.59 per cent 
of 5,225 tuberculosis admissions were found to have diabetes. In 1936 Wiener and Kavee 
(42) reviewed previous incidence rates of 4 to 2g of 1 per cent diabetes among tuberculosis 
patients. Although they reported that 6.4 per cent of their own 3,385 tuberculosis ad- 
missions had diabetes, this high figure was attributed to the fact that their hospital was 
specializing in the care of the tuberculous diabetic, and also to the fact that their popu 
lation was almost exclusively Jewish people. Rest (43) in 1941 reported an incidence of 
0.025 per cent diabetes in 1,360 tuberculosis admissions in a sanatorium for Jewish pa- 
tients. This probably illustrates the minimal incidence which might be found where dia- 
betes case finding is not employed. Israel and Payne (44) in 1940 found 2 per cent diabetes 
among 610 tuberculous patients. In 1944, Banyai and Cadden reviewed previous reports 
concerning the incidence of diabetes among tuberculous patients showing rates of 0.31 per 
cent in 4,500 patients (45), 0.7 per cent in another 3,963 patients (41), and 1.6 per cent 
in 5,575 patients in a 13-year study of their own (46). Among 2,366 tuberculosis admis 
sions to the City of Houston Tuberculosis Hospital in the period 1940-1950, only 0.63 
per cent were found to have diabetes (47). Among 3,178 tuberculosis admissions from 
1937-1950, Ferrara (48) found 2.1 per cent diabetics. Reaud (49) cites previous rates of 
0.17 to 1.6 per cent diabetes among tuberculous patients, and 0.98 per cent diabetes among 
3,850 sanatorium admissions from 1950-1952. However, he refers to one of the highest 
rates of diabetes reported in tuberculous patients—14.2 per cent diabetes among pre 
dominantly Jewish patients in Montefiore Hospital in New York. Commenting on Reaud’s 
paper, E. R. Smith of Jacksonville states that Florida sanitoriums have a diabetic census 
of 2.7 per cent. 

Incidence of tuberculosis among diabetics: In 1926 Sosman and Steidl (1) reported that 
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9 per cent of 182 hospital diabetic admissions had pulmonary tuberculosis on routine chest 
roentgenography. All but three of their patients were more than 45 years of age. In 1929, 
Adams (50) reported an incidence of only 1 per cent active pulmonary tuberculosis on the 
chest roentgenograms of 1,000 diabetics examined routinely in the Mayo Clinic, adding 
another 1.4 per cent observed during the course of time in the same group. Using composite 
data reported from 1927-1931, Banyai (41) found an incidence of tuberculosis among 
diabetics of 2.6 per cent. This was about three times higher than the estimated tubercu- 
losis morbidity (0.79 per cent) in the United States between 1920 and 1929. Murphy and 
Moxon (51), in 1931, reported 4.8 per cent tuberculosis in 827 diabetics among a city 
population, compared to 3.2 per cent tuberculosis found in the general hospital popu- 
lation at the same time. In other early reports, Gotten (52) found 3.3 per cent of 185 
diabetics ina Memphis clinic to have tuberculosis. Kennedy (53) reported the presence of 
active tuberculosis in 1.6 per cent of 2,500 diabetics. Kramer and Lawson (54) found 
tuberculosis in only 1.2 per cent of 500 diabetic clinic patients. In a series of articles (55) 
concerning tuberculosis and diabetes in 1934, Root reported tuberculosis incidence rates 
of 2.8 per cent among 1,373 hospital diabetics examined roentgenographically, 2.45 per 
cent tuberculosis among 10,000 diabetics in Joslin’s series, and 1.6 per cent tuberculosis 
in 750 juvenile diabetics (the tuberculosis rate among school children then was only 0.12 
per cent). In 1936, Wiener and Kavee (42) reported that previous writers found 1.6 to 2.6 
per cent tuberculosis among diabetic patients, and they found 0.7 per cent tuberculosis 
in 701 diabetic patients of their own. 

At that date there was no general agreement among numerous writers as to whether or 
not tuberculosis was more frequent in the diabetic than in the nondiabetic. Subsequent 
reports have indicated that tuberculosis is several times more frequent in the diabetic 
than in the nondiabetic. According to Loeb (5), it is four times more frequent. In 1939, 
Root and Bloor (56) reported an incidence of 2.5 per cent tuberculosis among 1,659 
hospital diabetics. 

In dealing with selectees during World War II, however, Blotner and Hyde (8) re- 
marked that chest roentgenograms showed tuberculosis with equal frequency in those 
with glycosuria and in those without. More recently, Siedhoff (57) found pulmonary 
tuberculosis in 7.6 per cent of 2,962 diabetics in Germany. Probably the most thoroughly 
studied large-scale survey of diabetics was the Philadelphia Survey (58) conducted in 
1946 and reported in 1952. The survey included 3,106 of the city’s diabetics and the in 
cidence of tuberculosis was 8.4 per cent, compared to 4.3 per cent in a nondiabetic control 
group. In diabetics less than 40 years of age whose diabetes was of less than 10 years’ 
duration, the incidence of tuberculosis was 5 per cent. 

Inferences previously concluded: The type of data just presented seemingly led to the 
conclusion that the coincidence of diabetes and tuberculosis is a ‘‘one-sided association,” 
as Root (55) has concisely expressed it. Root and Dickson (59) state, “All students have 
agreed that tuberculous patients do not develop diabetes with any greater frequency than 
non-tuberculous.”’ In 1955 (quoting unpublished data by Boucot), Cooper and Marshall 
(60) refer to a figure of 4 per cent diabetes among tuberculous patients in Philadelphia 
General Hospital, but similarly state that it is generally agreed that the frequency with 
which tuberculous patients develop diabetes is no greater than in the general population. 
In contrast again, Blotner (7) refers to an increased incidence of diabetes in tuberculosis, 
but believes this may be due to inactivity, age, and other conditions. To Wiener and Kavee 
(42) and to others (61) it has seemed that diabetes almost always antedated the tubercu- 
losis in time of clinical appearance and that tuberculosis as a complication of diabetes 
occurred chiefly in later life. Gais (62) states that, in the majority of cases of combined 
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disease, tuberculosis is a (fairly lethal) complication of diabetes; however, when the 
diabetes is well controlled, the tuberculosis mortality is almost as low as in the nondia- 
betic patient with tuberculosis. 

Other related corollaries have been implied in the relationship of these two diseases. It 
has been observed, for example, that the course of tuberculosis in a carefully regulated 
diabetic is not adversely affected (63); that treated diabetes does not predispose to tuber- 
culosis (47); that tuberculosis is the penalty of neglected or poorly controlled diabetes 
(4, 34, 61); and that the diabetic status of patients with arrested tuberculosis is no dif- 
ferent than in those with active tuberculosis (48). Other observations include an apparent 
predilection of the combined diseases for the young (55) as well as for the old (58), and 
there are occasional references to the more frequent occurrence of combined disease in 


males (57) 
] JISCUSSION 


If we represent the size of the general population, the tuberculous population, 
and the diabetic population proportionately as in figure 3, it follows that by 
chance alone the diabetic and tuberculous group will overlap slightly. That is, 
a few people will have both diabetes and tuberculosis by sheer coincidence. If 
the association of these diseases is more than coincidental (as is true here), the 
overlap will be greater (as shown here). A larger number will have combined 
disease, and it becomes evident that one cannot logically affirm the association 
on the one hand and deny it on the other. The difference in size of the two circles 
may however make this association appear unbalanced. For example, in this 
illustration in which diabetes is two to four times more prevalent than tuber- 
culosis, the cases of combined disease will always form a larger percentage of the 
smaller group than of the larger one. 

Thus, if estimates of the prevalence of diabetes and tuberculosis in this coun- 


aneral Pop 


Fic. 3. This illustration has been made roughly to scale and is intended to show the 
relative proportion of the population having diabetes, or roentgenographic evidence of 
pulmonary tuberculosis, or both diseases (See text for discussion). Diab.—diabetes. TB 


tuberculosis 


i$ 
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try are approximately correct (allowing up to 400 per cent error), then the inci- 
dence of diabetes among tuberculous patients has been grossly underestimated. 

Physicians who manage and care for diabetic patients are already well aware 
of the increased possibility of tuberculosis in these patients. Roentgenograms of 
the chest are obtained routinely and frequently in diabetic patients. However, 
the physician caring for patients with tuberculosis has had no good reason to be 
concerned about this relationship, judging from previous reported experience. 
It is here that the present writer would take exception simply to point out two 
things: First, that one should anticipate a reciprocal relation wherever two 
diseases are associated. Second, that in this instance tuberculosis physicians 
may be able to do some of their patients greater service. Since there is no reason 
to think of diabetes in tuberculosis as a (harmless) syndrome differing basically 
from the usual diabetic state, many of the diabetics discovered might be spared 
some of the complications of this condition if their diabetes were detected at an 


early stage. 
SUMMARY 


Diabetes screening in the form of a modified glucose tolerance test was carried 
out on 305 subjects. One hundred and seventy-eight of these subjects comprised 
a uniform group of young otherwise healthy military men hospitalized for tuber- 
culosis. Follow-up testing showed that 22 per cent of the latter group presented 
various abnormalities of glucose tolerance and that at least 5 per cent were mild 
diabetics. It is believed that previous induction examinations, annual physical 
examinations, and routine urinalyses had already excluded the more severe 
grades of diabetes from this group. Although these figures probably represent 
the maximal incidence of diabetes in the group examined, if other accepted eri- 
teria for the diagnosis of diabetes are substituted for the criteria used here, then 
the incidence of diabetes might be listed as 9 per cent, 11 per cent, or 18 per cent, 
rather than as 5 per cent. Testing for glycosuria as well as for hyperglycemia dur- 
ing the screening test was of some importance in this investigation. 

Certain factors were apparently unrelated to the presence of associated glucose 
intolerance. These included the extent of pulmonary tuberculosis, the degree of 


roentgenographic clearing, the presence of various associated minor diseases and 
medical conditions, as well as the patient’s ethnic group, his physical activity 
level, and the duration of treatment. 

From the data obtained, no definite statement is warranted concerning the 
relationship of extrapulmonary tuberculosis, symptoms, or drug therapy to the 
finding of glucose intolerance. The factors which correlated best with glucose 
intolerance and diabetes were the presence of tuberculosis itself, the patient's 


age, and his family history of diabetes. 

The element of good diabetic control may not invalidate the association of 
these two diseases, since the present study suggests that diabetes is still asso- 
ciated with tuberculosis even when both the diabetes and the tuberculosis are 
“minimal.” 

The previous concept of diabetes and tuberculosis as a one-sided 
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association (that tuberculosis is a common complication of diabetes while 
diabetes is no more common among tuberculous patients than in the general 
population) is not logically tenable. Most likely, the previous incidence of 
diabetes among tuberculous patients has been considerably underestimated. 
On the basis of the present evaluation, it is implied that, in a less selected group 
of patients with tuberculosis, diabetes would be quite common. Some type of 
routine sugar tolerance screening test is probably in order. 


SUMARIO 
La Diabetes en los Tuberculosos Jévenes y Reseiia de la Asociacién de Estas Dos Enfermedades 


En 305 sujetos, se llevé a cabo el despistaje de la diabetes por medio de una prueba 
modificada de tolerancia a la glucosa. Ciento setenta y ocho de esos sujetos formaban un 
grupo uniforme de militares jévenes, en lo demds sanos, hospitalizados por tuberculosis. 
La comprobacién subsiguiente revelé que 22 por ciento del dltimo grupo acusaban varias 
anomalias de la tolerancia para la glucosa y que a lo menos 5 por ciento tenian diabetes 
leve. Parece que el examen anterior de ingreso al ejército, el examen fisico anual y el ura 
nélisis sistemdtico ya habian excluido de este grupo las formas mds graves de diabetes. 
Aunque estas cifras representan probablemente la incidencia mdxima de diabetes en el 
grupo estudiado, si en vez de las pautas usadas en esta ocasidén, se emplearan otras pautas 
aceptadas, la incidencia de la diabetes podria fijarse a 9 por ciento, 11 por ciento o 18 por 
ciento, mds bien que a 5 por ciento. La comprobacién en busca de glucosuria a la par que 
de hiperglucemia durante la prueba de despistaje revistié alguna importancia en esta 
investigacién. 

Ciertos factores al parecer no se relacionaron con la presencia concomitante de into 
lerancia a la glucosa, comprendiendo la extensién de la tuberculosis pulmonar, el grado 
de despejo radiogrdfico, la coexistencia de varias dolencias y estados médicos de orden 
secundario e igualmente la raza del enfermo, su actividad fisica y la duracién del trata 
miento. 

A juzgar por los datos obtenidos, no esta justificada ninguna declaracién terminante 
acerca de la relacién de la tuberculosis extrapulmonar, los sintomas o la farmacoterapia 
con el hallazgo de intolerancia para la glucosa. Los factores que correlacionaron mejor con 
la intolerancia glucésica y la diabetes fueron la presencia de tuberculosis en si, la edad del 
enfermo y la historia familiar de diabetes. 

El elemento del buen dominio diabético tal vez no invalide la asociacién de estas dos 
afecciones, dado que el estudio actual sugiere que la diabetes sigue asociada con la tubereu 
losis, aunque tanto diabetes como tuberculosis sean ‘“‘minimas.”’ 

Ya no es légicamente sostenible el antiguo concepto de la diabetes y la tuberculosis como 
asociacién unilateral (que la tuberculosis es una complicacién comin de la diabetes mientras 


que la diabetes no es mds comin entre los tuberculosos que en la problacién general). Mas 
probablemente, se ha menospreciado considerablemente la incidencia anterior de la dia 
betes entre los tuberculosos. A base de la actual justipreciacién, se infiere que, en un grupo 
menos escogido de enfermos de tuberculosis, la diabetes seria bastante frecuente. Esta 


probablemente indicada alguna clase de prueba sistemdtica para determinar la tolerancia 
al azicar 
RESUME 
Le diabéte parmi les jeunes tuberculeur. Une revue de l'association de ces deur affections 
Le dépistage du diabéte, sous la forme de |’épreuve de la glycosurie provoquée modifiée, 
a été effectué chez 305 sujets; 178 de ces sujets composaient un groupe uniforme de jeunes 
soldats hospitalisés pour tuberculose qui, en dehors de cette affection, étaient en bon état 


général. Dans ce dernier groupe, des tests systématiques ont montré que 22% des sujets 
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présentaient diverses anomalies en ce qui concerne la glycosurie provoquée at 5% d’entre 
eux étaient atteints d’un diabéte léger. L’auteur croit que |l’examen antérieur effectué a 
l’ineorporation, l’examen physique annuel et l’analyse d’urine routiniére avaient déja 
éliminé de ce groupe les diabétes de degré plus sévére. Bien que ces chiffres représentent 
l’incidence maxima du diabéte dans le groupe examiné, si d’autres critéres reconnus pour 
le diagnostic du diabéte sont substitués aux critéres utilisés ici, l’incidence du diabéte 
pourrait étre évaluée A 9%, 11% ou 18% plutdt qu’A 5%. Les épreuves relatives A la gly- 
cosurie de méme que celles pour la recherche de l’hyperglycémie au cours du test de dé- 
pistage avaient une certaine importance dans |’investigation. 

Certains facteurs paraissaient sans relation avec la présence de l’association d’une 
intolérance au glucose. Ils comprenaient |’étendue de la tuberculose pulmonaire, le degré 
de |’amélioration radiologique, la présence de diverses affections mineures associées et des 
conditions médicales, de méme que la race du malade, le degré de son activité physique 
et la durée du traitement 

Selon les données obtenues, aucune déclaration définie n’est permise concernant la 
corrélation entre la tuberculose extra-pulmonaire, les symptémes ou le traitement médi 
camenteux et l’intolérance au glucose. Les facteurs, dont la corrélation avec |’intolérance 
au glucose est meilleure, étaient la présence de la tuberculose elle-méme, |’Age du malade 
et le diabéte dans les antécedents familiaux. 

Le principe d’un contrdéle satisfaisant du diabéte n’infirme pas pour autant une associ 
ation de ces deux affections, car |’étude actuelle suggére que le diabéte peut étre encore 
associé A la tuberculose, méme lorsque le diabéte et la tuberculose sont ‘‘a minima’’. 

La théorie antérieure, qui considére diabéte et tuberculose comme une association uni 
latérale (c’est A dire que la tuberculose est une complication fréquente du diabéte, tandis 
que le diabéte n'est pas plus fréquent chez le tuberculeux que dans la population générale), 
n’est pas logiquement acceptable. Vraisemblablement, |’incidence antérieure du diabéte 
parmi les tuberculeux a été considérablement sous-estimée. Sur la base de |’évaluation 
actuelle, on considére que, dans un groupe de tuberculeux moins sélectionné, la diabéte 
serait trés fréquent. Il vy a probablement lieu d’effectuer de facon routiniére un test de 


dépistage de la tolérance au glucose 
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THE IN VITRO ACTION OF ANTITUBERCULOUS AGENTS AGAINST 
MULTIPLYING AND NON-MULTIPLYING MICROBIAL CELLS'” 


GLADYS L. HOBBY anv TULITA F. LENERT 
(Received for publication April 5, 1957) 


In 1942, it was first reported by Hobby, Meyer, and Chaffee (2) that penicillin 
is most effective against susceptible microbial cells when active multiplication is 
taking place. At that time data were presented to show that conditions which 
decrease the rate of multiplication of microbial cells, including the concomitant 
use of another drug such as sulfadiazine, decrease also the rate at which penicillin 
exerts its growth-inhibitory effects against the microorganisms. This observation 
was later confirmed by Hobby and Dawson (3-5), by Chain and Duthie (6), 
by McDermott and his associates (7), and by others. 

Subsequent studies by Hobby and her associates (8-14), using streptomycin, 
oxytetracycline, antibiotic XG, polymyxin, neomycin, viomycin, and other 
antimicrobial agents* led these writers to the assumption that alterations in 
growth rates are merely reflections of basic changes in cellular metabolism which 
alter the susceptibility of microorganisms to the action of the antimicrobial 
drugs. Although the statement was made (12) that certain agents such as strepto- 
mycin, polymyxins A and B, and neomycin may differ from penicillin in the 
extent to which they can act against non-multiplying cells, the available evidence 


suggests that, even with neomycin, only minimal growth-inhibitory effects were 
produced by relatively high concentrations of drug when the organisms were in 
a stationary phase. Thus, the impression prevailed that there might be a universal 
phenomenon whereby conditions which decrease the rate of multiplication of 
microbial cells decrease also the rate at which antimicrobial agents in general 
exert their effects against microorganisms. This impression has influenced the 
design and nature of many of the experimental studies conducted by the present 


writers in recent years (16).‘ 

Recent studies conducted in this laboratory on the effect of penicillin in the 
control of acute and chronic pyelonephritis (18, 19) and on microbial meningitis 
in mice (19, 20) have clearly demonstrated that penicillin-susceptible strains of 


' From the Research Division of Chas. Pfizer & Co., Inc., Brooklyn 6, New York 

? Presented in part at the Conference on the Chemotherapy of Tuberculosis, held under 
the auspices of the Veterans Administration, Army, and Navy, at St. Louis, Missouri, 
February 6-9, 1956 (1 

* Erythromycin, chloramphenicol, and probably vancomycin may now be added to this 
list (15). A 

‘ Of interest in this respect are recent observations on oleandomycin which suggest that 
this antimicrobial stands apart from those discussed above in that, as with sulfadiazine, 
there is a prolonged lag before a significant decrease in the number of culturable microbial 
cell units occurs. The period during which the most rapid destruction of susceptible cells 
occurs, moreover, follows the period during which the generation time in the absence of the 
drug is the shortest. These facts do not preclude the possibility that cell multiplication is 
requisite to the action of oleandomycin, however, and indeed available data would suggest 
that this may be so (17 
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Staphylococcus aureus may appear resistant under certain conditions in vivo, 
despite the ability of penicillin to penetrate into most, if not all, tissues of the 
host. The persistence of Salmonella typhimurium in the spleens of experimentally 
infected mice after prolonged therapy with large doses of a highly active anti- 
microbial, namely synnematin B (21), as well as a series of more extensive studies 
demonstrating the persistence of tubercle bacilli in tissues of animals and man 
despite long-term chemotherapy (13, 14, 22-27) have aroused further interest 
in this phenomenon of apparent insusceptibility in vivo. The possibility that it 
may be due, directly or indirectly, to the inability of the antimicrobial drugs to 
act upon slowly metabolizing, dormant, or non-multiplying cells warrants con- 
sideration. 

The present report will describe the results of further studies on this subject. 
Data illustrating the action of streptomycin, isoniazid, and viomycin, used 
singly or in succession, will be presented. Comment will be made also concerning 
the relationship of these findings to those of certain other investigators, some of 
whom have also undertaken to evaluate the action of streptomycin and isoniazid 
in this regard (28-41). A portion of these reports has appeared during the course 
of this study (39, 40). 


MATERIALS AND METHODS 


The procedures employed herein have been described in detail elsewhere (14). Unless 
otherwise specified, however, strains of Mycobacterium tuberculosis were inoculated under 
standard conditions into a Tween®-albumin liquid medium containing various concentra 
tions of the antimicrobial agents under study and incubated at 37° C. for a period of twelve 
to fourteen days or longer. The number of culturable microbial cell units at various time 
periods during the course of the incubation period was determined by the method of Fenner 
and Pierce (41 

It should be stated at the outset that this procedure is not adequate to prove conclu 
sively the very point that interests the present writers. In the first place, neither the method 
of Fenner and Pierce nor any other available procedure for determination of the number of 
microbial cell units in a given population is entirely precise. Microbial counts varying one 
from another by differences less than tenfold in magnitude are commonly accepted as iden 
tical—the difference being ascribed to what is commonly called ‘‘biological error’’—yet a 
less than tenfold difference can also signify that one, two, or even three cell divisions have 
occurred. Second, the observed rate of multiplication of microorganisms existing within an 
environment free of antimicrobial agents may bear no relationship to the rate of multiplica 
tion of those organisms present in an environment containing significant quantities of drug 
No real control exists for the studies from which these impressions were derived. 


RESULTS 


Effect of streptomycin: The effect of streptomycin on M. tuberculosis, strain 
H37Rv, in a Tween-albumin liquid medium is shown in figure 1. 

The curves in this figure are remarkably similar to ones that may be obtained 
with penicillin and strains of Streptococcus hemolyticus. The log of the number of 
survivors plotted against time follows a straight line downward until approx- 
imately 99 per cent of the organisms * are killed. The number of survivors de- 


‘It is recognized that, with respect to tubercle bacilli, available techniques do not 
permit determination of the actual numbers of ‘“‘organisms’’ present at any time period 
The word “organisms”’ is at times used herein to signify ‘‘culturable cell units.”’ 
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creases by geometric units as time increases by arithmetic units. The killing of 
tubercle bacilli by streptomycin at a constant rate applies, however, only to the 
destruction of about 99 per cent of the organisms originally present. With the 
last 1 per cent, the reaction may follow one of three courses: (1) the number of 
organisms may continue to decrease at the same or at a slower rate; (2) the 
number may remain stationary; or (3) the number may increase. 

Of particular interest is the fact that the period during which about 99 per cent 
of the organisms originally present are destroyed at a constant rate parallels 
the period during which the total number of generations in the absence of strepto- 
mycin, when plotted against time, increases along a straight line. Of interest also 
is the fact that when the total number of generations in the absence of strepto- 
mycin plotted against time ceases to increase along a straight line (thus indicating 
that the average generation time of the organisms has increased), the effect of 
streptomycin decreases. 

In the particular experiment depicted in figure 1, after the seventh day of 
incubation, the generation time increased gradually in the absence of strepto- 
mycin. Simultaneously the rate of killing by streptomycin diminished. Between 
the eleventh and fourteenth days, the generation time of those organisms not in 
contact with streptomycin exceeded 250 hours; during this period streptomycin 
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in a previously effective concentration was incapable of eradicating even the 
small number of microbial cells which persisted in the environment. 

Effect of isoniazid and other antimicrobial agents: Almost identical curves 
were obtained with appropriate concentrations of isoniazid (figure 2). Moreover, 
viomycin and oxytetracycline followed the same pattern (figures 3, 4). 

The effect of streptomycin, isoniazid, and viomycin upon non-multiplying cells: 
The apparent decrease in antimicrobial activity noted with streptomycin, 
isoniazid, and viomycin, as generation time increased, suggested the possibility 
that non-multiplying cells might be insusceptible to the action of these agents. 


In subsequent experiments, therefore, four- to five-day cultures of the H37Rv (NYH) 
strain of M. tuberculosis were centrifuged, and the sedimented microbial cells were washed 
three times and then resuspended in one-half volume of phosphate buffer, pH 6.8. The 
resultant suspension was then subdivided into a series of tubes, and varying quantities of 
streptomycin, isoniazid, and viomycin were added to each. Tubes were incubated both at 
37° C. and at approximately 22° C., and the number of culturable cell units was determined 
at various time periods throughout the incubation period. 


As shown in figure 5, cell multiplication failed to occur with the large number 
of organisms present in the buffered menstruum. Moreover, no decrease in the 
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number of culturable cell units occurred in the presence of 1, 10, or 100 y of 
streptomycin, isoniazid, or viomycin activity per ml. (figure 5). 

The possibility that higher concentrations, at least of isoniazid, may cause a 
decrease in the number of culturable organisms in the absence of cell multiplica- 
tion was suggested by a single unconfirmed experiment. This effect was noted, 
however, only with a concentration of 1,000 y of isoniazid per ml. of a Tween- 
albumin medium, a concentration far in excess of that customarily required for 
activity against smaller numbers of cells existing in a more actively metabolizing 
state. 

Effect of prolonged contact with streptomycin upon the incidence of streptomycin- 
resistant cells: The possibility cannot be ignored that antituberculous drugs, 
such as streptomycin, isoniazid, or viomycin, may be inactive against large 
numbers of microbial cells in a non-multiplying phase only because of the devel- 
opment of drug resistance during the period of contact with the specific drug 
in question. 

Accordingly, these cultures of the H37Rv (NYH) strain of M. tuberculosis were agai 


centrifuged, the cells were washed and resuspended in buffer as described above, and wer 
subdivided into tubes containing various concentrations of streptomycin. They were in 
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cubated at 37° C. for varying periods of time, subsequently subcultured onto an oleic-acid- 
albumin solid medium containing 0, 1, 5, 10, and 100 y of streptomycin per ml., and the 
number of resistant cell units was thus determined. 


From the results obtained, it became apparent that the proportion of cells 
resistant to the action of streptomycin did not increase during incubation with 
the drug. Moreover, the number of resistant cells and their degree of resistance, 
as shown in figure 6 (compare with figure 5), could scarcely account for the effect 
observed. 

Effect of drug concentration upon rate of action: As is true with penicillin, with 
a given number of organisms in an actively metabolizing state, the rate of killing 
increased within limits as the concentration of drug increased (figure 7). There 
was a point, however, beyond which further increases in concentration no longer 
decreased the time necessary to kill 99 per cent of the organisms originally 
present. 

Effect of prior streptomycin and concomitant streptomycin on the action of 
isoniazid: Interest in the combined use of streptomycin and isoniazid for thera- 
peutic purposes, as well as studies conducted in 1944-1946 with penicillin and 
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Fic. 5. Effect of antimicrobial agents upon non-multiplying cells suspended in phos 
phate buffer, pH 6.8 


sulfadiazine (2—4), led to an evaluation of the effect of streptomycin upon sus- 


ceptibility to the antimicrobial action of isoniazid. 


Streptomycin-susceptibility tests were performed in flasks in Tween-albumin liquid me 
dium, using the H37Rv strain of M. tuberculosis and the conventional technique. One-tenth 
milliliter of an aqueous or phosphate buffer solution, containing various concentrations of 
isoniazid, was then added to each of a series of tubes containing 1.9 ml. portions of the con 
tents of those flasks containing streptomycin in amounts equal to, slightly more than, and 
slightly less than its minimal inhibitory concentration.* Cultures were then reincubated at 
37° C., and the antimicrobial action of isoniazid against those organisms that had survived 
contact with streptomycin was then measured by determination of the number of culturable 
cell units at various time periods after introduction of the isoniazid 


Past experience led to the assumption that few, if any, culturable cell units 
would be present after twelve days’ incubation in the tube containing slightly 
more than the minimal inhibitory concentration of streptomycin per ml.; a 
moderate number would be present in the tube containing the minimal inhibitory 
concentration; and many culturable cell units would remain in those tubes 

* The minimal inhibitory concentration is defined as the least amount of an antimicro 


bial drug capable of causing inhibition of growth in a iiquid medium, as evidenced’ by ab 
sence of gross turbidity at the end of twelve to fourteen days of incubation at 37°C 
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NUMBER OF DAYS INCUBATION ( 37°C.) WITH STREPTOMYCIN 


Fic. 6. Number of streptomycin-resistant cell units recoverable from a non-multiplying 
population of M. tuberculosis, strain H37Rv (NYH), during incubation in a phosphate 
buffer solution, pH 6.8, containing streptomycin in concentrations equivalent to 100 


\e @), 1 (O——0O), and 0 (O---O)y of activity per ml. 


containing concentrations of streptomycin less than the minimal inhibitory 
concentration. It was assumed, moreover, that those cell units surviving contact 
with streptomycin might be multiplying slowly, if at all. 

In the experiment illustrated in figure 8, the minimal inhibitory concentration 
of streptomycin was 0.63 y’ per ml. of medium. After contact with this quantity 


of streptomycin, small numbers of cells survived. 


7 It was estimated that only 0.26 y of streptomycin per ml. of medium remained in this 
flask at this time period, the loss having been due in part to dilution at the time of the 
addition of isoniazid, and in part to instability of the drug at 37°C. In like manner, it was 
estimated that only about 0.52 and 0.13 y of streptomycin per ml. of medium remained in 
those flasks which originally contained 1.25 and 0.31 y per ml., respectively. 
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On the other hand, no culturable organisms remained after contact with 1.25 y 
of streptomycin per ml., while the number surviving after contact with a 
subinhibitory quantity (0.31 y per ml.) of streptomycin was large. 

Isoniazid was added in concentrations equivalent to 0, 0.01, 0.1, 1.0, and 5.0 
per ml., to equal portions of each of those flasks containing 0.31, 0.63, and 1.25 y 
of streptomycin per ml., and the cultures were then reincubated at 37° C., as 


indicated above. 

Rapid multiplication of those organisms which survived contact with inhibi- 
tory concentrations of streptomycin, e.g., 0.63 y per ml., occurred; i.e., the 
average generation time was short when the organisms were incubated in the 
absence of isoniazid. In contrast, in the presence of 0.1, 1.0, or 5.0 y of isoniazid 
per ml., the number of culturable cell units decreased rapidly (figure 8). 

Similarly, rapid multiplication of those cells which had survived contact with 
subinhibitory concentrations of streptomycin, e.g., 0.31 y per ml., occurred 
initially in the absence of isoniazid. This initial period of multiplication was then 
followed after seven days by a period during which the average generation time 
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exceeded forty hours. In the presence of isoniazid (0.1, 1.0, and 5.0 y per ml.), 
there was rapid destruction during the first seven days of those organisms which 
had survived the initial contact with streptomycin. Thereafter, isoniazid, in 
combination with the residual quantity of streptomycin, was able to exert little 
or no effect. The antimicrobial agents again had become ineffective as the genera- 
tion time of those organisms not in contact with isoniazid had increased to 
more than forty hours (figure 8). 

Additional data pertaining to the effect of isoniazid against organisms that 
have survived effective and subeffective concentrations of streptomycin are 
shown in figure 9. Concentrations of isoniazid ranging from 0.1 to 100 y per ml. 
were capable of decreasing markedly the number of culturable cell units in a 
population that had survived contact with concentrations of streptomycin equal 
to or greater than the minimal inhibitory concentration. The antimicrobial 
action of isoniazid was less marked, however, against organisms present in a 
population that had survived contact with a subinhibitory concentration, e.g., 
0.15 y of streptomycin per ml. (figure 9). 

At times the number of culturable cell units remaining after contact with 
subeffective amounts of streptomycin was so great that little or no cell multiplica- 
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tion occurred thereafter in medium containing only the residual quantities of 
streptomycin. In the experiments conducted to date, isoniazid in combination 
with these residual amounts of streptomycin failed to decrease significantly the 
number of culturable cell units present in the medium. 
; Effect of prior contact with isoniazid upon susceptibility to streptomycin: The 
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Fic. 9. Effect of prior contact with streptomycin upon susceptibility to isoniazid (M 
tuberculosis, H37Rv) 
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ACTION OF ISOMAZID AFTER 
PRIOR CONTACT WITH STREPTOMYCIN 
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| 
Time DAYS 
Fic. 10. Effect of concentration of isoniazid or of streptomycin upon the concentration 
and/or time required for subsequent destruction by streptomycin or isoniazid, respectively, 
of 99 per cent of those cells surviving the antimicrobial action of the initially employed drug. 


effect of contact with either effective or subeffective concentrations of isoniazid 
prior to the introduction of streptomycin was evaluated by a procedure similar 
to that described above. The H37Rv (NYH) strain of M. tuberculosis was again 
utilized. In all experiments thus far performed, contact with isoniazid in concen- 
trations equal to or greater than its minimal inhibitory concentration in no way 
interfered with the subsequent action of streptomycin. 

The results obtained with isoniazid, like those with streptomycin (as shown in 
figures 8 and 9), indicate that the higher the concentration of the initial drug used, 
the lower the concentration and/or time required for subsequent destruction by 
the second drug of those organisms surviving contact with the initial drug (figure 
10). 

In no instance were those organisms which survived contact with the initial 
drug incapable of subsequent multiplication when maintained for a sufficiently 
long period of time even without transfer to a fresh medium. Nonetheless, as was 
true when only a single drug was used or indeed after contact with the first of a 


pair of drugs, complete eradication did not oecur with regularity on contact with 
concentrations of the second drug in excess of its usual minimal inhibitory con- 


centration. 
DISCUSSION 


The fact that penicillin is capable of exerting antimicrobial effects only against 
multiplying microbial cells has been of special interest to those concerned with 
the mode of action of antimicrobial drugs. As mentioned previously, numerous 
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reports concerning this phenomenon have appeared during the past ten to fifteen 
years. Of special interest, perhaps, are two recent publications pertaining to the 
lytic action of penicillin. Hahn and Ciak (30) have reported that, with a single 
strain of Escherichia coli, lysis occurs in the presence of penicillin only under 
conditions supporting microbial growth. Lederberg (29), on the other hand, has 
demonstrated that cells growing in a nutrient medium lyse after one to two 
hours’ contact with penicillin; when suspended in a protective medium, the 
organisms balloon into spherical protoplasts which remain viable and revert to 
typical morphology on transfer to a penicillin-free nutrient medium. Observa- 
tions by Lederberg, made on dividing cells, led him to conclude that the division- 
septum may be especially susceptible to penicillin. Lytic and bactericidal effects 
can be demonstrated separately, however, and neither these nor numerous other 
studies on the mechanism of action of this drug (31, 32) have explained its in- 
ability to act upon non-multiplying cells. 

Only recently has interest been directed toward the gradually accumulating 
body of evidence indicating that many other antimicrobials likewise act pri- 
marily at the time of cell division. That the phenomenon applies to streptomycin, 
oxytetracycline, neomycin, polymyxins A and B, viomycin, and certain other 
antimicrobial agents has been reported by Hobby and her associates (8-14). 
Moreover, Middlebrook and Yegian (37) in 1946 showed that suspension of 
tubercle bacilli in a non-nutrient medium interferes with streptomycin action and 
that this antimicrobial has little bactericidal activity against resting cells. Al- 
though no supporting data were presented, it was reported as early as 1952 by 
McDermott and his associates (35) that isoniazid exerts its maximal activity 
against actively metabolizing tubercle bacilli tn vitro and has virtually no activity 
against so-called resting cells. Similar observations were made by Schaefer (38), 
Mitchison and Selkon (39), and Koch-Weser (40) in addition to the observations 
reported herein. 

One cannot help but wonder if this phenomenon applies to all antimicrobial 
drugs, for, if so, it unquestionably would be of the utmost significance, not only 
with respect to their mode of action in vitro, but with respect to the treatment of 
certain infections. 

The ability of antimicrobial drugs to act only at the time of cell division im- 
poses upon their use an important limitation and arouses speculation as to the 
extent to which they may act in certain situations in vivo. As was pointed out 
earlier in the present report, experimental evidence is available from this labora- 
tory to indicate that penicillin, for example, administered in high dosage is 
unable to alter the course of development of experimental pyelonephritis and 
suppurative nephritis due to susceptible staphylococci (18), while other active 
antimicrobial drugs have failed to influence the course of bacterial meningitis 
in mice produced also by drug-susceptible microorganisms (20). Moreover, Eagle 
and his associates have reported similar results in mice infected intramuscularly 
with group A hemolytic streptococci (43), in rats with enterococcal endocarditis 
or with experimental nephritis (44). It may be assumed that similar situations 


exist in man, and, indeed, there may be some reason to believe that relapse in 
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subacute bacterial endocarditis, following penicillin therapy, may represent evi- 
dence in this respect. 

The extent to which one may justifiably draw an analogy between the action 
of penicillin upon experimental infections in animals and its action upon acute 
bacterial infections in man has been discussed in detail by W. Barry Wood and 
Mary Ruth Smith (45, 46), who have clearly demonstrated that: 

. in murine pneumococcal infections penicillin per se destroys the invading organisms 
only in those parts of the lesions where the bacteria are multiplying rapidly and are 
thus maximally susceptible to the bactericidal action of the drug. In areas where the 
bacterial growth is slowed, either because the pneumococci have reached a maximum 
population density, or because the accumulated exudate affords a relatively poor 
medium for rapid growth, the destructive effect of the antibiotic is greatly diminished. 
In such portions of the lesions the cellular defenses of the host are observed to play a 
major role in eliminating the bacteria. In sites where frank suppuration has developed, 
however, even the combined actions of the penicillin and the cellular defenses of the 
host are relatively ineffective in ridding the tissues of bacteria. Here, because of the 
poor medium provided by the pus, the pneumococci remain metabolically sluggish and 
therefore are not killed rapidly by the penicillin. At the same time the leucocytes in the 
necrotic exudate have deteriorated to the point where they cannot effectively perform 
their phagocytic functions. As a result, bacteria persist in such lesions for many days in 
spite of the most intensive penicillin treatment administered both locally and system- 
ically. 

The ability of antimicrobial drugs to act only at the time of cell division leads 
to the supposition that they would be ineffective against microbial cells ‘“per- 
sisting’ within an infected host. The significance of “‘persisters’’ in vivo, as well 
as their apparent drug resistance, has been mentioned previously herein and, 
in addition, is discussed in detail elsewhere (22-27). 

It may be of some interest that conditions suitable for demonstration of the 
resistance of “persisting” cells to the action of streptomycin and isoniazid were 
not reproduced in the in vitro experiments reported herein. Concentrations of 
streptomycin or of isoniazid in excess of the minimal inhibitory concentration 
caused a decrease in the number of culturable cell units within the populations 
studied and, although “persisting” cells may have been present at the end of 
the incubation period, they were not detected by the methods employed. In the 
presence of quantities of streptomycin or isoniazid equal to their minimal inhibi- 
tory concentrations, on the other hand, numerous residual organisms were de- 
tected after incubation, despite an initial decrease in the number of culturable 
cell units within the population. The generation time of these apparently “‘per- 
sisting’ cells was prolonged, cell multiplication occurred slowly if at all, and 
they remained insusceptible to the action of streptomycin. Contrary to what 
normally occurs with true “persisters,” on prolonged incubation (for one to 
two weeks), the generation time gradually returned to normal. Those cells 
that had survived the initial contact with streptomycin or isoniazid, upon sub- 
sequent multiplication, were susceptible in the usual sense to subsequent con- 
tact with the other drug, e.g., isoniazid or streptomycin, respectively. 

Evidence has been presented herein to show that the killing of tubercle 
bacilli by a single antituberculous drug, as is true with penicillin and certain 
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other microbial species, occurs at a constant rate. The number of survivors 
decreases by geometric units as time increases by arithmetic units, until about 
99 per cent of the organisms originally present have been destroyed. This period 
parallels the period during which the total number of generations in the absence 
of the antimicrobial, when plotted against time, increases along a straight line. 
The direct relationship between generation time and rate of killing is less 
striking when the action of two antimicrobial agents is involved. It is abund- 
antly clear from the data presented, however, that streptomycin in concentra- 
tions as large as the minimal inhibitory concentration does not interfere with 
the subsequent action of isoniazid, or vice versa. Within limits, the higher the 
concentration of the initially employed drug, the shorter the time period and/or 
the lower the concentration of the subsequently employed drug that is required 
to destroy 99 per cent of the organisms originally present in a given popula- 
tion. 

The significance of these facts with respect to the mode of action of anti- 
tuberculous drugs remains to be determined. Unquestionably the survival of 
one per cent of a population at times may mean that significantly large 
numbers of viable organisms remain after contact with a single antimicrobial. 
In situations in which the defense mechanisms of the host may be unable to 
eliminate these residual cells, subsequent attack by a second drug may prove 
advantageous. The repeated destruction of 99 per cent of the population by 
each of a series of sequentially administered drugs presumably could result in 
“near-eradication,”’ provided the time intervals between drugs were such that 
an increase in population could not occur at any time. 

Much higher concentrations of drug are required to eradicate essentially all, 
e.g., 99 per cent or more, of the culturable cell units within a given population 
than are necessary for the destruction of a small proportion of the population. 
Moreover, in concentrations capable of destroying only a portion of the cells 
present, the generation time of those cells that survive or “‘persist”’ is markedly 
increased. An increase in generation time, under the influence of the 
antimicrobial agents studied to date, has not always been followed by death 
of the microbial cell, however, and it would appear that inhibition of cell multi- 
plication and actual killing of the microorganisms may possibly occur through 
two separate mechanisms. It is not inconceivable that the antimicrobial drugs 
may achieve their effects solely by delaying and/or preventing cell division, 
whereas bactericidal effects, when they ensue, may be only indirect results of 


antimicrobial action. 
SUMMARY 


Streptomycin, isoniazid, viomycin, and oxytetracycline are most effective 
against susceptible tubercle bacilli when active multiplication is taking place. 
Moreover, based on available data, there is reason to believe that these agents 
probably are capable of exerting little or no antimicrobial effect on tubercle 
bacilli existing in a dormant or non-multiplying phase. When streptomycin 
and isoniazid are used sequentially, the second drug is fully active provided 
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those organisms surviving contact with the first drug are capable of cell 
division. 


SuMARIO 


La Accién in Vitro de los Medicamentos Antituberculosos Contra las Células Microbianas en 
Vias o no de Multiplicacién 


La estreptomicina, la isoniacida, la viomicina y la oxitetraciclina alcanzan su mayor 
eficacia contra los bacilos tuberculosos susceptibles mientras tiene lugar multiplicacién 
activa. Ademds, a base de los datos disponibles, hay motivos para creer que dichos agentes 
probablemente no pueden ejercer més que poco o ningtin efecto sobre los bacilos tubercu- 
losos que se encuentran en su fase durmiente o no proliferante. Cuando se usan la estrepto- 
micina y la isoniacida sucesivamente, la segunda droga despliega plena actividad, con tal 
que los microbios que sobreviven el contacto con la primera droga estén en aptitud de 
llevar a cabo la divisién celular. 


RESUME 


L’action in vitro des agents antituberculeuz contre les cellules microbiennes en multiplication 
ou durant la phase endormie 


La streptomycine, l’isoniazide, la viomycine et l’oxytétracycline sont des plus efficaces 
contre les bacilles tuberculeux sensibles quand une reproduction active est en cours. De 
plus, d’aprés les données disponibles, il y a lieu de croire que ces agents sont capables 
d’exercer une faible action ou nulle action antibactérienne sur les bacilles tuberculeux du 

ant la phase endormie ou de non multiplication. Quand la streptomycine et l’isoniazide 
sont utilisées alternativement, la deuxiéme drogue a une activité compléte A condition que 
les germes ayant survécu au contact avec la premiére drogue soient capables de division 
cellulaire 
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THE TUBERCULOUS PATIENT AT HOME! 
The Sanatorium on Trial 
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INTRODUCTION 


In the course of the private practice of medicine, data have accumulated on 
approximately 500 patients with active or healing tuberculosis. Study of these 
data has revealed several facts of interest. 

As shown in table 1, the group of 519 patients consisted of 269 who had had 
sanctioned discharges from the sanatorium but were in need of medical observa- 
tion during the transition period from convalescence to full reconditioning and a 
return to normal living; 151 who left the sanatorium against medical advice; 56 
who were former sanatorium patients and refused to return to the hospital for 
treatment when exacerbation occurred; 25 patients who were admitted to sana- 
toriums for orientation and the establishment of therapeutic regimens for several 
weeks prior to treatment thereafter at home; finally, 18 patients who never 
entered the hospital at all. 

Further study of these patients has brought to light more information with 
respect to the course of the disease and the results of treatment in the various 
groups, the eventual outcome compared with the status of disease at discharge, 
the presence or absence of tubercle bacilli in the sputum, and other relationships. 


OBSERVATIONS 


The data presented in table 2 show that a preponderance of patients with 
sanctioned discharges from the hospital had tuberculous lesions which were ar- 
rested and apparently arrested*® upon leaving the hospital. In contrast, persons 
who left the hospital against medical advice had lesions which were distributed 
predominantly in the quiescent, improved, and unimproved categories at dis- 
charge. Irrespective of this fact, however, a survey of the ultimate status (two 
years and longer after discharge) reveals that by far the largest number in each 
group ended in the well category—92 per cent of the regularly discharged and 75 
per cent of the unsanctioned discharge group being so classified. 

A summary of the sputum status upon admission and at discharge of the 
sanctioned and unsanctioned discharged patients may be seen in table 3. It 
indicates that a large percentage—approximately 76 and 80, respectively—of 
the sanctioned and unsanctioned discharge groups had had tubercle bacilli in 


The patients under consideration in this work had, in large measure, received treat 
ment in sanatoriums and tuberculosis hospitals in Michigan, especially in Detroit, and 
resided in that city where the practice referred to was carried on 

? Present address: Chapel Hill, North Carolina 
*The majority of the patients were grouped under older classifications of Diagnosti 
Standards; hence the terminology 
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TABLE 1 


TvuBercuLous PATIENTS UNDER OBSERVATION AND ANALYSIS 


Classification 


otal Number 
Total Numbe On Sanctioned 


Discharge from 
sanatorium 


Recurrent 
Cases Refusing 
Hospitalization 


Unsanctioned Dis 


Short-term Never 
charge 


Hospital! Stay Hospitalized 


269 151 56 25 18 


TABLE 2 
CLASSIFICATION OF Disease AT DiscHARGE IN SANCTIONED AND UNSANCTIONED 
DIscCHARGEES SHown 1N Status 


Classification Total 


Apparently Un 

scen rove n rovec one 
ousted Quiescent Improved Unimproved anctioned sanctioned 
Ultimate 


Status 


Unsanctioned 
Unsanctioned 


Sanctioned 
Sanctioned 
Unsanctioned 
Unsanctioned 
Number 
Per cent 
Number 
Per Cent 


Sanctioned 
Sanctioned 


Unsanctione 


3 non 1 non 
tuber tuber tuber 
culous culous culous 


Total 69 ; d 56 30 10 | 8&3 20 269 100.0151 100.0 


The difference in the late status of sanctioned and unsanctioned dischargees (excluding 
the dead) is highly significant (chi square = 38.69 — 0.01% probability 


the sputum at the time of admission to the hospital. Of greater significance was 
the fact that 96 per cent of those with sanctioned discharges and 86 per cent of 
the patients with unsanctioned discharges had sputum negative for tubercle 
bacilli on culture at the time of leaving the hospital. 


This fact of a high incidence of noninfectious sputum at the time of hospital 
discharge is obviously one of the chief factors in the long-term good results 
attained, and undoubtedly contributes greatly to the safety of the associates of 


the patient in the home. The significance of the sputum cultures negative for 
tubercle bacilli in the overwhelming majority of the patients in these two major 
groups is further emphasized by the relatively few new tuberculous infections 
which developed at home. 

With respect to the development of new cases of active disease from these 519 
tuberculous patients, it is noteworthy that 39 such cases occurred. In numerous 
instances, however, the patient with the new infection fell ill before or during 
the hospitalization of the patient who was the presumed source case. In several 
new cases, disease developed over a period ranging from only a few months to 


519 
Well 67 ] 121 14 53 2 7 66 9 248 92.2114 75.5 
Ill { l 2 14 5 6 2.2| 24 15.9 
Dead 2 | Q l ] 3 3 6 15 5.6 13 8.6 
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TABLE 3 
STaTus or Sputum (BY SMEAR AND CULTURE) ON ADMISSION AND DISCHARGE 
or SANCTIONED AND UNSANCTIONED DIsCHARGEES 


Admission Sputum Discharge Sputum 
Positive for Negative for Positive for Negative for 
Tubercle Tubercle No Data Tubercle Tuberck No Data 
Bacilli Bacilli Bacilli Bacilli 
x Per Per Per Per Per Per 
= Cen Cent Cent Cent Cent Cent 
Z Zz Z Z Z 
Sanctioned 205 | 76.2 | 62 | 23.1 2;0.70| 2.6 | 96.3; 1.10 
Unsanctioned. . 122 | 80.8 | 26 | 17.2 2.00 18) 11.9 130 86.1 


several years after the return home of the patient considered to be the potential 
source case, although the latter had continued to be well and have noninfectious 
sputum whenever examined. 

Thus, it has been impossible from the information at hand to ferret out signif- 
icant relationships between the treated patients and new infections other than 
to reaffirm the fact that tuberculosis developed in 39 healthy people who had 
been contacts of the 519 patients under observation. It is stressed that roent 
genographic and sputum examinations of such ex-patients at three-month inter- 
vals would detect exacerbation early and thus limit the duration of the contact 
with uninfected associates. 

Status of disease has been related to long-term follow-up observations and is 
indicated under classifications of well, ill, or dead for persons in the regula 
discharge and the unsanctioned discharge groups. Patients with sanctioned and 
with unsanctioned discharges have been followed, approximately 85 per cent of 
them being under observation for more than two years—some of them for seven 
teen years. When these patients on regular and unsanctioned discharge are com 
pared with respect to their clinical status of well, ill, or dead, some of the figures 
(table 4) are impressive. Two years or less after discharge, one regularly dis 
charged patient remained ill and 5 were dead; whereas, of the patients with un- 
sanctioned discharge during that period, 20 remained ill and 6 had died. This 
stemmed largely from the fact (table 2) that larger numbers of unsanctioned 
discharge patients left the hospital while in an improved or quiescent state, and 
thus were further from recovery and still under active treatment 

Among the 269 patients with regular discharge, only 26 (10.8 per cent) were 
under observation for less than two years, and most of these discharges wer 
recent. Sixty-two (39 per cent) of the 151 patients who left without medical 
sanction fell into that group, also chiefly because of premature or recent dis 
charge. Observation of all patients for less than two years and for longer than 
that period shows that 248 (92.2 per cent) of the patients in the regular dis 
charge group had returned more or less to normal living, compared to 114 
(75.5 per cent) of those in the unsanctioned discharge group. Among the two 


groups of patients, 6 (2.2 per cent) and 24 (15.9 per cent), respectively, were ill 
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TABLE 4 
Unrate Sratus or Patients Tyre or DiscHarGe SANCTIONED 


UNSANCTIONED D1IscHARGEES 


Sanctioned Discharge Unsanctioned Discharge 
Time Since Discharge Status 
Number Per Cent Number Per Cent 
Followed for two vears Well 20 76.9 36 5S 
or less Il 3.9 : 32.3 


Dead 2 9 
Total 26 100 
Followed for 2 to 17 Well 
years Ill 
Dead 


Total 


Follow ed from disch irge 


to 17 years 


Total cases 


TABLE 5 
Unrimate Stratus or Patrents Various Groups 


Late Status 
Two or More Years 
Observation 


Patients Refusing Patients Hospitalized Patients Never 
Hospitalization for Short Term Hospitalized 


Well 
Ill 
Dead 


Total 


15 (5.6 per cent) and 13 (8.6 per cent), respectively, were dead. It should be 
noted that 3 deaths occurred in each group for causes other than tuberculosis. 

The results of a survey of the three smaller groups of patients may be seen in 
table 5. In all groups the patients were accepted and treated only in those homes 
in which precautions could be observed and care could be satisfactory. 

Fifty-six patients refused to re-enter the hospital. At the end of two years 46 
of them were placed in the well column, that is, their sputum was negative for 
tubercle bacilli on repeated culture, the roentgenograms remained unchanged, 
symptoms were absent, and the patients lived normal lives except for longer 
hours of rest at night in some cases. At the end of two years, 5 of the 56 remained 
ill and 5 were dead. Treatment was continued at home for the small group of 


patients who accepted hospitalization for a short term, during which bacterio- 


logic studies were done and clinical delineations (including commencement of 


1052 
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Il 6 2.2 24 15.9 
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269 100.0 151 100.0 
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drug treatment) were established. Of the 25 patients, 21 were well two years 
later, 2 remained ill, and 2 had died—one of nontuberculous disease. 

Finally, a group of 18 never accepted hospitalization and were treated at home 
throughout their course. Seventeen of the 18 did well. A large majority of those 
in this group and those with short terms of hospitalization had minimal disease, 
and were amenable and cooperative. Patients were selected from homes equipped 
to take proper precautions against infectious disease. 

Most tuberculous patients who leave the hospital prematurely, who leave 
without medical sanction, or are given disciplinary discharges pose an ever- 
important problem with respect to their own recovery and the effect of contact 
with them on the health of their families and communities. This question has 
been made the topic of numerous papers in recent years. In these studies an 
attempt has been made to analyze the motives and the complicated emotional, 
physical, and economic background of the patient who leaves without medical 
sanction. The patient’s actions have been considered largely from the standpoint 
of the hospital and health authorities. Perhaps it would be refreshing to approach 
the question from the point of view of the patient as he returns home. 

The writer has enjoyed the privilege of membership on the staff of a sanato- 
rium for three years, followed by a good many years in the practice of internal 
medicine, during which time the tuberculous patients described above—chiefly 


those with previous sanatorium experience in the regular and unsanctioned 


discharge groups—have come for medical attention. Out of this welter of prac- 
tice arise some impressions that comprise the basis of this paper. 

The results of a study of a group of the patients, on whom full records are 
available, are presented. For the present purpose, an analysis has been made of 
the reactions of these patients to their experience in the sanatorium. Their 
various complaints have been classified in the accompanying tables. 

As shown in table 6 and as pointed out earlier, the patients under study num- 
bered 519, of whom 269 had remained in the institution until regularly dis- 
charged; 151 had left against medical advice; 56 had been former patients who, 
when exacerbation occurred, had elected to remain at home; 25 had accepted 
short-term hospitalization of a few weeks, during which clinical and laboratory 
evaluations were made and the patient learned techniques of safety for the 
other members of the family and something of the philosophy of the cure; and 
18 remained at home throughout ‘“‘the cure.” 

teasons mentioned for leaving the institutions are multiple. They are exag- 
gerated many times and colored by the patient’s confusion, prejudice, anxiety, 


TABLE 6 
DISTRIBUTION OF PATIENTS UNDER STUDY 
Unsanctioned Dischargees and Unhospitalized Patients 


Regular Dischargees 
Refused Short-term Never 


Readmission Hospitalization Hospitalized 


56 25 18 
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TABLE 7 
Tyres NUMBER OF CompPLAINTS BY UNSANCTIONED DiscHARGEES 


Unsanctioned Dischargees 
Number Per Cent 


28.83 
21.17 
9.85 
8.76 
31.39 


99.70 


Poor rapport 
Food 
Services 
Home situation 
Other 
Total complaints 
Total patients 


TABLE 8 
ComPpLAINTs BY Former SaANatTortum Patients Rerusinac READMISSION 


UPON EXACERBATION 


Number 


Poor rapport 
Food 
Services 
Home situation 
Other 
Total complaints 


Total patients 


belligerence, psychologic background, ignorance, or downright untruthfulness. 
But many of the reasons and complaints appear also to be factual; they are 
reported often by both the regular and unsanctioned dischargees. They recur 
with sufficient frequency to give them a bona fide quality which possesses a 
significance that should be constructively helpful to administrators of sana- 
torilums. 

A list of major complaints is set forth in table 7. These stand in order of fre- 
quency and represent the degree to which they disturb the patient. In addition 
to these 274 complaints registered by the 151 patients who elected unsanctioned 
discharge to solve their difficulties, numerous laments were volunteered by for- 


merly hospitalized patients who underwent exacerbation of their disease but 


chose to remain at home for treatment rather than re-enter an institution (table 
8). These data approximate in incidence those enumerated in table 7. Further- 
more, quite a number of patients with regular discharge discussed and aired 
their grievances, unsolicited and in a way to confer validity upon them 


DISCUSSION 


It is obvious that patients react in a variety of ways to the diagnosis of tuber- 
culosis and respond in an even more unusual manner to the therapy required by 
the disease. It is clear from the data presented that large numbers of patients 
who enter the hospital for treatment break away prior to completion of the 


79 
5S 
27 
24 
SO 
274 
151 
Per Cent 
14.28 
3 
7.14 
7.14 
10 17.86 
35 62.49 
56 


TUBERCULOUS PATIENT AT HOME 1055 


desired course. It is this group which requires study with respect to the reasons 
for the breakaway, analysis of the possible causes of this action, and the results 
of therapy. 

In tables 7 and 8, the reasons for leaving the hospital are reported. The rou- 
tine justification or explanation often becomes a chant of four or five verses 
which align themselves as follows: lack of rapport with the doctors, with the 
nurse and nursing staff, with the dietitian and those responsible for food and 
the dietary setup; and dissatisfaction with services, facilities, and physical 
plant. What about the validity of these complaints? Do they suggest ways and 
means of improving matters? The following represents a cross-section of patient 
attitudes. 

Despite the great improvement in therapy and outlook, the patient, as a rule, 
still enters the sanatorium crushed by the diagnosis and with the dread of an 
often fatal disease; he is “‘floored”’ by the prospect of crippled health and ruined 
economic outlook and, frequently, also by the need for makeshift arrangements 
which may lead to loss of the family entity. 

According to complaints, too often the family or clinic physician gives the 
patient only a very cursory, unsatisfactory picture of his situation and leaves 
the impression that in a very few weeks he will be recovered. This provides addi- 
tional shock for the patient when, after admission, he learns the possible neces- 
sity for a period of several weeks or months in the institution. 

After admission many patients complain that the picture is often not drawn 
clearly for the sick man. Not unfrequently a confused and fearful patient is 
further taken for granted and “plopped” into bed under nurses’ orders to “‘take 
bed rest.’’ For several days he may have little or no contact with his doctors and 
has only a vague idea of what is expected of him or what will be done to him. 
This new patient is indoctrinated with much misinformation from those who 
have been in the institution longer, sometimes even in the form of hazing. Com- 
plaints indicate that the patient needs to be told in simple terms the reasons for 
the regulated and restricted sanatorium life. He needs to be told that his intelli- 
gent and understanding acquiescence of the scheme will be his chief contribution 
to his own recovery. 

More often the complaint is that the ward physician succeeds in presenting an 
attitude of relative indifference; he fails to utilize that morale builder, the ‘‘bed- 
side’ manner, and substitutes for it the hasty “footside” interrogation of the 
busy doctor. As a result, questions, worries, and complaints are stored up and 
magnified in the mind of the patient who has nothing to do but think about 
himself. 

Furthermore, the radical changes in treatment in the last few years have 
modified the doctor-patient relationship. Formerly the contact between doctor 
and patient was accentuated and personalized through frequent fluoroscopic ex- 
aminations prior to administration of pneumothorax or pneumoperitoneum and 
during the procedure itself. These occasions were often a clearing house for the 
patient because they afforded opportunities for regular, friendly, informal chats 

-even if brief ones—in the privacy of the treatment room. 
It appears from the complaints that the patient needs to have his doctor visit 
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with him long enough and often enough to establish a friendly relationship. He 
needs someone to “tie to’’—one with whom he can talk about his disease, its 
possibilities, potentialities, course and progress, the results of the last sputum, 
blood, roentgenographic or fluoroscopic examinations; one who is a source of 
appeal when economic or social problems arise in the home. After the first 
roentgenogram and tests, the patient is especially anxious to know the result, 
particularly if special studies have been made. He wants to be “taken into con- 
fidence”’ by the doctor so that he will be prepared for the advice which the doctor 
may give. He needs someone whom he may regard as a friend, a physician who 
understands the emotional problems that plague him, as stressed recently by 
Coburn (1). He complains frequently that he is treated as a child or a moron 
and is told nothing. It seems to bother a patient particularly to be told that he 
is “getting along as well as can be expected”’ or “getting along well’’ and have a 
surgical procedure suddenly proposed, without earlier discussion of its possi- 
bility. This catches him totally unprepared and in a questioning and sometimes 
skeptical frame of mind. 

The patient also gets different impressions of his condition from various doc- 
tors because medical terms have been used which he does not understand or the 
facts have been stated in a way that is confusing to him. Sometimes he is dis- 
turbed when disagreement develops among doctors on what course is best. At 
times there may be uncertainty and indecision which needs explanation. If this 
explanation is not given, confidence is lost and the patient does not know whom 
to believe. To be sure, on occasion the doctor may properly reverse his earlier 
decision but should not do so without telling the patient why. For instance, a 
change may occur in the patient’s condition or the doctor might change his 
opinion after discussion in staff conference. But such procedures, unexplained, 
do not make for a good patient-doctor relationship or cooperation. 

Again, according to the complaints, something new has been added in recent 
years, namely, an increase in the number of doctors with foreign training and 
inadequate use of the English language, which adds to the patient’s dilemma. 
Here, joint rounds or patient conferences conducted by a senior staff doctor or 
by the Chief Resident or Medical Director should clear the air. In this way, the 
patient is not completely frustrated through lack of understanding, information 
or inability to discuss his problems because of such language and cultural bar- 
riers. In some—but by no means all—cases of this sort the physician lacks know]- 


edge not only of American medicine but of American social life and mores. This 


may widen the gulf between the patient and the doctor. 

Complaints of patients indicate the unfortunate fact that, especially on wards, 
doctors often discuss the details of a patient’s condition in the presence of other 
patients. Such discussions merit the privacy of the treatment or consultation 
room, and the patient should there be given the opportunity to discuss the 
problems concerning his disease and his adjustment to hospital life. 

Occasionally patients leave the sanatorium because they cannot understand 
the need for certain treatment, usually surgical. If he cannot immediately agree 
to what may seem to him drastic treatment or if there is hesitation on his part, 
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the patient feels that he should be given time to think things over and talk with 
relatives. At times the patient believes that he would be much happier and more 
receptive if he could have consultation with another than his assigned doctor, 
especially if the latter seems to have no satisfactory answer to the patient’s 
problems. Talking matters over with the Chief of Staff or the Medical Director, 
he thinks, might assist in providing a satisfactory solution or, possibly, the 
family physician might be of help. However, if some definite effort is not made 
and patient requests are side-tracked, the patient feels neglected and has actually 
an added stimulus for leaving. 

The social worker has important functions and is a valuable, if not an indis- 
pensable, standby for the patient, but (again from the complaints) the tendency 
appears to be for the doctor to take the course of least resistance and thrust onto 
the social worker many opportunities to get better acquainted with the patient 
and his social problems, leaving the patient still unsatisfied because the doctor 
doesn’t seem to know the circumstances which color the patient’s thinking. 

The duties of the nursing staff are multiple, varied, and often intimate, and 
the nurse’s point of view and attitude frequently appear to be all important in 
determining the cooperation of the patients with the procedures in use on the 
floor. Nurses may vary from the “crusty” to the overindulgent. While it is 
always well in an evaluation of this kind to bear in mind the fact that nurses 
are capable of becoming worn, tired, and impatient with the great variety of 
questions and problems that present themselves, the supervising nurse who is 
“on her toes” and who is firm but friendly, patient, and understanding runs a 
good ward on which but few complaints develop. The one who is hypercritical 
or is a martinet breeds a great deal of trouble. If the nurse is “put upon’ by 
having the doctor place responsibility for discipline in her hands, she tends to 
become a policewoman. This is both thankless and inefficient. If she can see 
that discipline is observed and reports only major infractions, life on the ward 
goes merrily on. 

The complaints indicate that nurses have been known to take a crack at the 
patient by alluding to him as a “‘charity”’ case or as a sort of lawbreaker by con- 
tracting tuberculosis, thus humiliating him and creating a source of perpetual 
misunderstanding and dislike that may produce friction rather than cooper- 
ation. 

Criticisms leveled at the bed-bath merit attention although much less so now 
than formerly when the restricted range of patient activity made this procedure 
almost mandatory. When the patient’s degree of illness requires a bed-bath, the 
latter remains an important factor in his hospital experience. The patients say 
that, if it is given by a nurse or attendant, it is refreshing; if taken by the patient 
alone, it may be most fatiguing. When attempted in a ward with no curtains 
between the beds, it is a difficult and exhausting procedure. Patients believe 
that a tub bath or shower is much less taxing, and they justly request bath 
privileges. 

One of the complaints most commonly heard was unhappiness concerning use 


of the bedpan. Delay in receipt or collection of bedpans, if requested out of 
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“regular” service periods for them, could well embarrass a patient. Necessary 
infractions of the rules for physical comfort could bring a scolding from the 
nurse. At best the bedpan is a nefarious instrument of torture that plagues the 
patient. It is well known that it causes so much discomfort that many physicians, 
even those caring for people ill with acute cardiac disease, have banished it as a 
greater hazard than the effort involved in use of the nearby bathroom. 

The attitude of the nurses and aids toward tuberculosis has an important 
bearing on patient morale. These people sometimes exhibit a fear of the disease 
which contributes to unrest. It is essential that nurses and workers be protected 
by (ultraviolet) safety techniques, vaccination, or other measures and that they 
have full understanding that the risk is minimal when precautions are observed. 
While patients should be taught to observe the usual precautions, which should 
be enforced, an unreasonable fear of the disease greatly limits the worker's use- 
fulness and effectiveness. 

The attitude of the discharged patient toward the sanatorium is well expressed 
also in his reaction toward the food which the institution serves. In general, food 
stands well toward the top of the list of complaints, having been a factor in 21 
per cent of the unsanctioned discharges under consideration (table 7). After the 
complaint of finding those foods cold which should be served hot, or those warm 
which are best when cold, the complaint of lack of condiments ranks high. The 
patient wants to “spice it up a little.”’ It matters little that, for a good many, 
the hospital fare (whatever it is) far exceeds the diet he has been used to. It is 
different and, therefore, it is bad. Also rotation is likely to become so routine as 
to allow the patient to predict with fair accuracy just what food will be on the 
tray or table and how it will be prepared, so mere monotony dulls the appetite 
and banishes the zest for food. 

Furthermore, patients claim that food should be served seasonably whenever 
possible. It may be less expensive to provide canned foods, but the patient can 
imagine few things nicer than a good ear of sweet corn, a fresh strawberry 
sundae, a juicy peach, or a ripe melon in season. The patient who is accustomed 
to them misses the salads that are seldom served throughout hospitaldom, or 
the one who likes a particular dish is forgotten too often when he asks for a 
second helping. When importation of special delicacies, fruits, sweets or other 
foods is not allowed, the menu often fails to supply these and thus may lead to 
smuggling. Complaints about food bulk large in the story the patient tells after 
discharge, either regular or unsanctioned. Even when faulty eating habits, poor 
nutritional practices, and food notions and prejudices are discounted, a satis- 
factory and successful diet seems seldom realized. Some of the reasons for the 
failure follow 

Sanatoriums now operate in a competitive world. Even if the ideal of good 
food, attractively served, is not the aim of the dietary department, it becomes a 
requirement nowadays. The hospital cannot please the patient if food is prepared 
or handled in an indifferent manner and is unattractive in appearance. Food 
service could constitute one of the really bright spots in the patient’s stay in the 


hospital. 
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The dietitian has one “strike” on her at the start, for she stands in an un- 
enviable focus of criticism. The patient is a captive in enforced idleness and takes 
but little of the physical activity which ordinarily increases the appetite. He has 
little to do but “gripe” or criticize. He may come from one of a variety of homes 
and his interests range over a wide variety of foods. Apparently he would ask: 
“Why not try to satisfy the patient in these tastes, at least occasionally?” 
‘Why not occasionally humor the connoisseur and the one with limited dietary 
interests?”’ That patient who is used to sowbelly and beans or to greens or cab- 
bage ‘cooked to death” could well have such food served occasionally, for surely 
the diet is sufficiently varied and contains adequate calories to allow such a 
diversion without loss in total quality or quantity. 

No advantages accrue to the institution from unsatisfactory dietary arrange- 
ments, whereas good food (in the mind of the patient) can tie the latter to the 
institution in an active bond of loyalty. 

Often in the list of complaints occur those referable to the physical plant. 
These loom large because the patient must spend not merely a few days in such 
surroundings but often several months, particularly the sicker patients and those 
with infectious sputum. There are also complaints about such items as the lack 
of curtains or screens to separate beds—which is particularly distressing to the 
patient without bathroom privileges—unattractive rooms and worn-out proper- 
ties, the old, familiar, institutional ivory finish on the wall, possibly with an 
occasional area of loose or patched plaster sans drapes, sans pictures, sans one 
comfortable chair, sans one good reading light. 

When the evaluation is a just one, other important items of furniture and 
equipment which impress the patient unfavorably are sagging bed springs, 
lumpy mattresses, crowded closets, inadequate bedside tables. To a few patients, 
attractively colored bed spreads or soft colors on the wall, or a proper combina- 
tion of selected, harmonious shades on these same walls mean little or nothing. 
To many, they convert a tolerable situation into a comparatively satisfactory 
one 

The need appears to be great for a guest room in which the patient may visit 
with relative or friend rather than in the open ward where every word of the 
conversation may be absorbed by the patient in the next bed. It must be pretty 
difficult to talk over personal or intimate things with one’s husband or wife in the 
average hospital room. With the thought that many homes have fallen apart or 
nearly so during a sanatorium sojourn, provision of a room of this kind would 
seem to represent preventive medicine at its best. 

Fairly high on the list of complaints stands inadequacy of hospital services, 
with emphasis upon quality and training of the aids and other nonprofessional 
personnel, many of whom lack appreciation of cleanliness. Unless the supervising 
nurse or housekeeper keeps everlastingly after the matter, the presence of un- 
clean windows, walls, floors, bedside tables, and linen bothers the patient—at 
times to the point of unsanctioned discharge—out of fear of further infection. 

A final complaint registered by the patients concerns the rigidity of the rule 
not to allow their children to visit occasionally. These parents feel, probably 
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correctly, that the child who escaped disease during the uninhibited contacts 
prior to hospitalization runs little if any added risk by a short monthly visit to 
the parent whose sputum is noninfectious. They believe that some reasonable 
procedure could be worked out so that the requirement and comfort of ‘‘seeing”’ 
the child occasionally might be realized—in some instances giving a needed 
psychologic boost to parent and child. 

The questions of patient morale and patient reaction to the hospital, its per- 
sonnel, and operation have been presented recently by Vavra and Rainboth (2) 
in a way which is germane to the issues under consideration. 


Patients who are discharged from the sanatorium for further care, with spu- 
tum negative for tubercle bacilli, tend to do well and the ultimate recovery rate 
is high. This holds also for selected patients treated at home. 

The stories which a good many sanatorium patients tell frequently bring up 
the question of whether something more can be done to improve their under- 
standing of the hospital, doctors, and nurses. A synthesis of their complaints 
appears to pose the issue whether the sanatorium, now no longer in the seller’s 
market, may stand in need of revamping its broad philosophy so that its neces- 
sary, continuing maximal service to the patient and community will be deter- 
mined to a greater degree by the cordial relationships it maintains with the 
patient through good general rapport. 


SUMMARY 


A group of 519 patients with tuberculosis, active or inactive, and cared for by 
private physicians, were studied. Two hundred and sixty-nine of these patients 
had received sanctioned discharges after treatment in sanatoriums, but were in 
need of further medical care during their convalescence and prolonged re- 
covery; 151 had left institutions prematurely and were classified as having left 
without medical sanction; 56 had previously been hospitalized but had elected 
to remain at home when exacerbation occurred; 25 accepted short-term orienta- 
tion in the hospital, followed by care at home; and 18 had all of their therapy at 
home. In all cases of active disease treated at home, suitable safeguards were 
present for contacts, and precautions were observed for satisfactory care of the 
patient. 

The majority of the regular dischargees left the hospital with arrested or 
apparently arrested disease, while most of the unsanctioned dischargees had 
been classified as quiescent, improved, or unimproved. Two years or more after 
discharge, 92 per cent of the regular dischargees and 75 per cent of the unsanc- 
tioned dischargees were able to live normally; 2 and 15 per cent, respectively, 
remained ill; 5 and 8 per cent, respectively, had died. Before separation from the 
hospital, 96 per cent of the regular dischargees and 86 per cent of the unsanc- 
tioned dischargees had sputum negative for tubercle bacilli. 

Thirty-nine new cases of tuberculosis are known to have developed following 
contact with the 519 patients studied, some prior to hospitalization of the 
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“source case,’’ some while the patient was in the hospital, some after his return 
to his home. 

The results among the smaller groups of patients, after two or more years of 
treatment, were as follows: Of the 56 who refused readmission 46 were well: 5 
remained ill; and 5 died. Of the 25 with short-term hospitalization, 21 were 
well; 2 remained ill; and 2 died. Of 18 never hospitalized (but carefully selected 
for home care), 17 were well and one was ill. 


SUMARIO 


El Tuberculoso en Casa: El Sanatorio a Prueba 


Un grupo de 519 enfermos que padecian de tuberculosis, activa o inactiva, y atendidos 
por médicos particulares, fué objeto de un andlisis estadistico. Doscientos sesenta vy nueve 
de estos enfermos habian recibido altas regulares después de ser tratados en sanatorios, 
pero necesitaban mds asistencia médica durante su convalecencia y prolongado restableci 
miento; 151 habian abandonado prematuramente los establecimientos de asistencia y esta 
ban clasificados como partidos sin sancién médica; 56 habian estado hospitalizados antes, 
pero prefirieron permanecer en sus hogares cuando se presenté una exacerbacién; 25 acepta 
ron breve orientacién en el hospital, seguida de asistencia a domicilio y 18 recibieron toda 
su terapéutica en el hogar. En todos los casos de enfermedad activa, tratados en casa, habia 
salvaguardias adecuadas para los contactos y se observaron precauciones para la asistencia 
satifactoria del enfermo 

La mayoria de los dados de alta regularmente salié del hospital con la enfermedad esta 
cionada real o aparentemente, mientras que casi todos los que salieron del hospital sin 
permiso habian sido clasificados como quiescentes, mejorados o sin mejoria. A los dos afios 
o mas del alta, 92 por ciento de las altas regulares y 75 por ciento de las irregulares podian 
llevar una vida normal; 2 y 15 por ciento, respectivamente, permanecian enfermos; 5 y 8 
por ciento, respectivamente, habian fallecido. Antes de la partida del hospital, 96 por ciento 
de las altas regulares y 86 por ciento de las irregulares tenfan esputo negativo para bacilos 
tuberculosos 

Se sabe que ha habido 39 casos nuevos de tuberculosis consecutivamente al contacto con 
los 519 enfermos estudiados, algunos antes de la hospitalizacién del ‘‘caso focal,’’ algunos 
mientras el enfermo se hallaba en el hospital y algunos después del retorno de aquél a su 
domicilio 

Al cabo de dos afios o mas de tratamiento, los resultados entre los grupos mds pequefios 
de enfermos fueron los siguientes: de los 56 que rehusaron reingreso, 46 estaban bien, 5 
continuaban enfermos y 5 habian fallecido; de los 25 hospitalizados por poco tiempo, 21 
estaban bien, 2 continuaban enfermos y 2 habian fallecido; de los 18 que nunca habian sido 
hospitalizados (pero escogidos cuidadosamente para asistencia a domicilio), 17 estaban bien 


y 1 estaba enfermo 
RESUME 
Le malade tuberculeur domicile: Le sanatorium 4 épreuve 


Un groupe de 519 cas de tuberculose active ou stabilisée ayant traité par un médecin 
privé a été soumis A l’analyse statistique. 269 de ces malades avaient été réguliérement 
libérés du sanatorium aprés traitement, mais ils réclamaient encore des soins médicaux 
pendant la période de convalescence et de stabilisation prolongée; 151 avaient quitté les 
divers établissements hospitaliers prématurément et sans autorisation médicale; 56 avaient 
été hospitalisés antérieurement et avaient choisi d’étre soignés A domicile au cours d'une 
reprise d'activité de |’affection; 25 avaient accepté les directives médicales au cours d'une 
courte période d’hospitalisation suivie de soins A domicile; 18 avaient été entitrement 
traités A domicile. Dans tous les cas de tuberculose en activité traités A domicile, des mesures 
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appropriées étaient prises pour éviter la contamination de l’entourage et assurer au malade 
des soins satisfaisants 

La majorité des cas sortis réguliérement de |’hépital étaient stabilisés ou paraissaient 
stabilisés, tandis que la plupart des cas sortis sans approbation médicale avaient été 
classifiés comme latents améliorés ou non améliorés. Deux ans aprés le départ du sanatorium 
92°, des malades sortis avec autorisation médicale et 75° de ceux sortis sans autorisation 
étaient aptes A reprendre une vie normale; respectivement 2 et 15% d’entre eux étaient 
encore malades; respectivement 5 et 8% étaient morts. Avant le départ de | hépital 96% des 
cas sortis régulitrement et 86° des départs non autorisés étaient des cas abacilliféres. 

39 nouveaux cas de tuberculose se sont produits aprés contact avec les 519 tuberculeux 
étudiés, certains avant |’hospitalisation du “‘eas source’’, d'autres tandis que le patient 
était A lhépital ou aprés son retour au domicile. 

Parmi les groupes plus petits, les résultats suivants ont été observés au bout de deux ans 
ou plus de traitement: sur 56 cas ayant refusé une nouvelle hospitalisation, 46 étaient stabi- 
lisés, 5 demeuraient malades, 5 étaient morts. Parmi les 25 cas ayant eu une courte période 
d’hospitalisation, 21 étaient stabilisés, 2 demeuraient malades, 2 étaient morts. Parmi !es 
18 cas n’ayant jamais été hospitalisés (mais choisis avec soin pour le traitement a domicile) 
il y avait 17 malades dont | affection était stabilisée et | cas od la maladie suivait son cours. 
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INTRODUCTION 


In 1882, Forlanini introduced artificial pneumothorax into the treatment of 
tuberculosis and noted that the injected gas is reabsorbed by the body tissues. 
This reabsorption engenders a hazardous nuisance for prolonged therapy in the 
form of frequent refills. It was noted very early that pure oxygen disappeared 
much faster than air, and today air is the gas commonly employed. In 1931, the 
use of pneumoperitoneum was introduced by Banyai (1, 2) for the therapy of 
tuberculosis. For pneumoperitoneum as well as for pneumothorax, it has ¥en 
necessary to give refills of air at regular brief intervals. During the past fifty 
years many attempts have been made to find a gas more suitable than air, i.e., 
a gas that would be more slowly absorbed from the pleural or abdominal cavity. 
Webb and associates (3) found no particular difference in the resorption times 
of air and nitrogen refills. Grass and Meiners (4) employed argon which was 
absorbed more rapidly than air, and helium was tried unsuccessfully by Schedtler 
(5). Ricen (6) has reported that helium was found to extend the time between 
refills in pneumoperitoneum patients by four to six days. However, comparative 
absorption rates of various gases from closed body pockets (7-10) have led these 
writers to the general conclusion that nitrogen is the slowest of all the gases 
tested to diffuse and, therefore, the most suitable for prolonged collapse therapy. 

It is the purpose of this paper to describe the use of a new gas for pneumo- 
peritoneum and pneumothorax which will allow a considerable increase in the 
time interval between refills. Tenney, Carpenter, and Rahn (11) have recently 
shown that the inert synthetic gas, sulfur hexafluoride, SFs, when injected into 
the body cavity of animals, not only disappeared more slowly than nitrogen but 
actually produced a temporary doubling of the pneumoperitoneum volume before 
slowly disappearing. The gas SF, appears to be completely inert chemically. It is 
also much less soluble in water and tissue fluids than any other known gas and 
has a very high molecular weight. Both factors make this gas less diffusible than 
nitrogen in body tissues. Consequently, when SF, is introduced into the cavity, 
the nitrogen from the surrounding tissues will diffuse into the cavity faster than 
the SF, gas can diffuse out, thus causing a temporary increase in volume 
(figure 1). The details of this gas exchange have been discussed thoroughly (11) 
by Tenney and associates. 

‘From Iola Sanatorium, Rochester, New York; Veterans Administration Hospital, 


Batavia, New York; and the departments of Physiology and Pharmacology, The Uni 
versity of Rochester School of Medicine and Dentistry, Rochester, New York. 
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VOLUME™ 


12) a 8 12 6 20 24 28 32 36 
DAYS 


Fic. 1. Gas volume changes in the peritoneal cavity of cats after the administration of 
500 cc. of nitrogen and 500 ec. of sulfur hexafluoride gas. With nitrogen the volume de 
crease is nearly linear with time while with SF, the volume almost doubles before it de 
creases linearly with time. Redrawn from Tenney, Carpenter, and Rahn (11 


Before administering SF. gas to patients it was necessary to demonstrate its 
lack of toxicity in animals. Hodge and associates emploved two species of animals, 
rats and dogs, on which to determine the toxicity, if any, of SFs. A large group 
of rats was injected intraperitoneally, and another group subcutaneously, over 
a six-month period. An SF, pneumoperitoneum was maintained in two dogs for 
a period of six months. Extensive clinical observations and pathologic examina- 
tions in both species of animals failed to show any evidence of any toxic effects 
from SI's. The details of these animal experiments are published elsewhere (12). 


CLINICAL OBSERVATIONS 


Two clinical trials are here reported. The first tests were made in 3 volunteer 
patients under treatment for chronic pulmonary tuberculosis at lola Sana- 
torium, Rochester, N. Y. The second tests were performed at the Veterans Hos- 
pital, Batavia, N. Y. on 10 patients undergoing treatment for tuberculosis. 


Observations at Iola Sanatorium 


Two of 3 volunteer patients, J. S. and E. S., were already receiving pneumo- 
peritoneum treatment with ordinary air refills before SF. was tried, and the third 
patient, H. V., had his pneumoperitoneum induced with SF,. The patients were 
fluoroscoped at the time of each refill and also fluoroscoped at intervals of several 
days between each refill in order to follow the course of the pneumoperitoneum. 
Intraperitoneal pressure readings with a water manometer were taken imme- 
diately before and after each refill, as is the usual! practice with ordinary air 
refills, and it was discovered that the average pressure readings were approxi- 
mately the same with SF, as with air. 

Since no practical methods exist for the accurate measurement of pneumo- 
peritoneal gas volume, an indirect approximation was employed. At the time 
of fluoroscopy, when the patients had taken a full inspiration, the levels of the 
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DAYS 


Fic. 2. The distance between liver and diaphragm as an index of pneumoperitoneal gas 


VERTICAL DISTANCE BETWEEN 
LIVER AND DIAPHRAGM (cms) 


volume is plotted against time in patient J. S. Air refills were given approximately every 
thirteen days. When identical refill volumes of SF, were used, the distance actually in 
creased at first and did not return to the original level until about forty-eight days later 


dome of the right hemi-diaphragm and of the dome of the liver were marked on 
the fluoroscopic screen and the vertical distance between these two levels was 
measured and recorded. 

J. S. was receiving air pneumoperitoneum on a regimen of 1,200 ec. of air every 
ten days for a period of eighteen months. The gas SI's was then used for a period 
of nineteen months on a routine schedule of 1,200 ec. every six weeks, at which 
time the pneumoperitoneum was discontinued. The measurements of the vertical 
distance between the dome of the right hemidiaphragm and the dome of the liver 
are recorded in figure 2 for a typical six-week interval. This curve may be com- 
pared with the direct volume measurements obtained in animals (figure 1). 

ES. received air refills of 1,000 cc. every ten days for fourteen months. He then 
received 900 cc. of SF, every five weeks for nineteen months, following which his 
pheumoperitoneum was concluded with 1,000 ce. of air every two weeks for 
another four months. 

Pneumoperitoneum was induced with SF, in patient, H. V., and he was soon 
stabilized on a regimen of 1,200 ec. of SF. every five weeks, which was continued 
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Fic. 3. Summary of air and SF, refill times for each of the 3 patients, covering a period 


of about three vears 
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for a period of eighteen months. Air refills were employed for the remainder of 
his pneumoperitoneum treatment, which lasted another fourteen months. 

Figure 3 is a complete record of the refill volume and time of injection for each 
of the 3 patients, covering a period of about three years. It may be seen that SF, 
gas considerably lengthened the period required between refills, particularly in 
patient J. S. If one compares the interval times when using SF, and air for the 
identical refill volume, they are seen to be 4.2 times larger for J. S. and 3.5 times 
larger for the other 2 patients. 

None of these 3 patients experienced any symptoms or clinical evidence of 
toxicity from the use of SFs. Hematologic and chemical studies of the blood 
yielded normal values. 


Observations al the Veterans Administration Hospital, Batavia, N. Y. 


In these 10 patients the changes in pneumoperitoneum gas volume during 
ordinary air “‘refills” and SF, “refills” were estimated by computing the area of 
the gas pocket visible on the roentgenogram. The posterior-anterior view of this 
gas pocket was recorded at the end of expiration and the area was obtained by 
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Fic. 4. Changes with time of the area of the peritoneal gas volume as recorded on roent- 
genogram. The refill volume of SF, gas was 100 or 200 cc. smaller than the refill volume using 
air. Average of 6 patients 
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planimetry. The changes in this area, Acm’, with time are recorded in figure 4. 
These changes are not directly proportional to changes in gas volume but do 
afford an objective method for measuring relative increases and decreases of the 
gas pocket. 

Figure 4 represents the values obtained on 6 patients who were being treated 
routinely with air peritoneum. The gas volume area was obtained after their 
normal air refill, and again at weekly intervals up to four weeks. At this time a 
second air control period was obtained. After completion of the second control 
period sulfur hexafluoride was injected. In order to allow for the initial period of 
expansion, the amount injected was 100 or 200 cc. less than the amount of air 
previously used. These changes again indicate that with SF, the volume initially 
enlarges and then declines in a manner similar to an air injection. 

Seven patients received SF, gas injections for a period of three to nine months. 
The refill volumes were between 800 and 1,000 cc. and additional injections were 
required only after five to seven weeks while, with air, the refills were required 
every ten to fourteen days. No pharmacologic side effects were demonstrated in 
these patients who received SF,. There was no change in temperature or pulse 
and the hemoglobin and leukocyte count remained unchanged. The brom- 
sulphalein test indicated no disturbance of hepatic function. Renal function as re- 
flected by blood urea nitrogen and phenolsulfonthalein measurements was 


also unimpaired. 
USSION 


On the basis of the experience with these patients the gas, sulfur hexafluoride 
(SF), can be recommended for use in pneumoperitoneum. Using SF instead of 
air for pneumoperitoneum, the intervals between refills are increased two and 
one-half to four times. The gas SF, produces a more uniform degree of compres- 
sion and a more constant volume of gas within the peritoneal cavity than does 
air. The relative changes in volume of these two gases can be graphically com- 
pared. In figure 2, the vertical distance in centimeters between the dome of the 
diaphragm and the dome of the liver is plotted against time at regular intervals 
following an SF; refill. In the patient, /.S., the vertical distance just before refill 
was about 10 cm. By injecting 1,200 cc. of gas the vertical distance was imme- 
diately brought to 12.3 cm. However, with an air injection it receded and reached 
the 10 cm. line in about thirteen days. With SF, the vertical distance actually 
increased and only returned to the 12.3 cm. mark thirty-five days later, and to 
the 10 cm. mark forty-eight days later. At this time a refill was given. 

In cats and dogs the SF, concentration was reduced to less than 10 per cent at 
the end of fifteen to twenty days. In man the SF, concentration may be even less 
after a period of fifteen to twenty days because of the initial dilution of 
SF, with the residual gas volume remaining in the peritoneal cavity at the 
time of refill. Thus, one can estimate that the composition of the peritoneal 
gas fifteen to twenty days after an SF, refill is essentially the same as that 
after an air refill. It is therefore not surprising that the slopes of the SIs curves 
in their last period are essentially similar to those of the air curve (cf. figures | 
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and 4). In fact, the air refill curves in figure 2 have actually been constructed on 
the basis of the final slope of the SF, curve and have therefore been indicated 
by broken lines. 

In figure 4 the changes are demonstrated in the area of the gas pocket as 
observed on the roentgenogram after air refill and after SF, refill. Again there is 
a confirmation of the initial volume increase with SF, gas. The SI’, refill volumes 
were 100 or 200 cc. less than the air refill volumes and thus the time advantage 
gained with SI, cannot be theoretically computed from this figure. Refill periods 
at five- to seven-week intervals in these 7 patients plus 3 others who received 
800 to 1,000 ce. of SFs, however, compare well with the refill periods at five- 
to six-week intervals in the 3 patients shown in figure 3 who received 1,000 to 
1.200 ec. of 

There seems to be no doubt that SI’, in the peritoneal cavity of man behaves 
essentially in the same manner as first demonstrated by Tenney, Carpenter, 
and Rahn in cats and dogs. The physical characteristics of this gas make it less 
diffusible than N. and thus when introduced into the body, N, initially enters 
the gas cavity faster than SI, can leave. This explains the initial volume in- 
crease and the longer period between refills. 

An additional important finding is the demonstration that SF, had no toxic 
effects in our patients. The patients exhibited no abnormal physical signs, no 
decrease in appetite, no loss of weight, and no changes in the blood picture, liver 
function, and kidney function tests. There were no complaints of symptoms or 
untoward effects which could be related to SFs. The mild degree of discomfort 
which each of the patients experienced with SIs pneumoperitoneum was in no 
way different from that experienced by any patient taking an air pneumoperi- 
toneum. 

The patients who took part in this experiment have expressed on more than 
one occasion how pleased they were with the use of this gas. From the patients’ 
point of view, the use of SI’, is desirable particularly when the patient has reached 
outpatient status and the intervals between trips to the clinic can be prolonged. 

SF, in the opinion of the writers, is an ideal gas for use in therapeutic artificial 
pneumoperitoneum and should also be tried clinically in artificial pneumo- 
thorax. Because drugs and surgical procedures have now pretty well supplanted 
the use of pneumothorax, there are few or no patients with pneumothorax. In 
other parts of the world, however, where pneumothorax is still being used and 
where the facilities for resectional surgery and other types of treatment are not 
easily available, Sf, may be more convenient and may help to reduce the cost 


of patient care 
SUMMARY 


A new gas, sulfur hexafluoride (SF,) is proposed as an agent for use in thera- 


peutic pneumoperitoneum. Evidence is presented, using two different criteria, 
that after the injection of SF, the volume of pneumoperitoneum increased 
temporarily and the absorption of the total gas volume was prolonged. Clinical 
trials in 13 patients demonstrated an increase in the interval between pneumo- 
peritoneum refills to two and one-half to four times the interval required when 
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air was used. There was no evidence of toxicity associated with the use of SF, 


gas in any of these patients. 
SUMARIO 


Uso de un Nuevo Gas, Hexafluoruro de Azufre, SF «, en el Neumoperitoneo: Tratamiento para 


la Tuberculosis 


Propénese un gas nuevo, el hexafluoruro de azufre, SF», para uso en el neumoperitoneo 
terapéutico. Usando dos pautas distintas, se presentan pruebas de que, después de la in 
yeccién de SF,, el volumen del neumoperitoneo aumenté temporalmente y se prolongé 
la absorcién del volumen total de gas. Pruebas clinicas ejecutadas en 13 enfermos revelaron, 
enel intervalo entre reinsuflaciones del neumoperitoneo, un aumento de dos y media a 
cuatro veces mayor que el requerido cuando se usaba aire. En ninguno de estos enfermos 
hubo el menor signo de toxicidad relacionado con el uso del gas SF. 


RESUME 


Utilisation d’un nouveau gaz, UVhexafluorure de soufre, SF 4, dans le pneumopéritoine: 


Traitement de la tuberculose 
Un nouveau gaz, |’hexafluorure de soufre, SF., est proposé comme agent utilisable pour 
le pneumopéritoine thérapeutique. Les auteurs présentent des résultats probants, fondés 
sur deux critéres différents, montrant qu’aprés l’injection de SF, le volume du pneumo 


péritoine augmentait temporairement et que la résorption du volume total du gaz était 


prolongée. Des essais cliniques chez 13 malades révélérent un accroissement de |’intervalle 
entre les réinsufflations de deux et demie A quatre fois, par rapport A l’intervalle requis 
lorsqu’un autre gaz était employé. Aucun de ces malades n’a présenté de signes d’intolérance 


associés a l'emploi du gaz SF, 
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SPECTROPHOTOMETRIC DETERMINATION OF PARA-AMINO- 
SALICYLIC ACID IN BLOOD AND URINE! 


P. A. CACCIA 
(Received for publication September 5, 1956 
INTRODUCTION 


Para-aminosalicylic acid (PAS), NH»CsH;OHCOOH, is the 4-amino of hy- 
droxybenzoie acid, having the following structural formula: 


COOH 


A colorimetric method is described for the determination of the amount of 
PAS in blood and urine. 

The precipitation of protein with trichloracetic acid to obtain a clear protein 
free blood filtrate eliminates the possibility of cloudiness due to insolubility of 
tungstic acid in highly acid media (1). The methods for the determination of 
PAS which have appeared in the literature are based on diazotization and coup- 
ling, which is a general method for the determination of primary aromatic amines: 
the Marshall method (2), the Klyne and Newhouse method (3), and the Deeb 
and Vitagliano method (1) are all based upon the same principle and are not 
specific. The administration of PAS and isoniazid at the same time to patients 
makes the Deeb and Vitagliano method difficult to perform due to the fact that 
both PAS and isoniazid give the same color reaction with vanillin. 

Para-aminosalicylic acid reacts with sodium nitritopentacyanocobaltate in 
slightly acid medium, at or about pH 4.6 to 5, to give an orange-colored complex 
whose color intensity can be determined spectrophotometrically at 440 wave 
length. The color develops slowly and after one hour reaches its maximal in 
tensity and becomes stable. It follows Beer’s law to 75 y per ml., with a deviation 
from 75 y to 125 y. All determinations and calculations in the present method 
are made as sodium para-aminosalicylate. The method and the reagent used are 
original. The reagent reacts with NH, and OH in meta position and all cyclic 


compounds having the same configuration will give the color reaction as the 
m-aminophenol; and in PAS, as can be seen from the structural formula, the 
NH: and OH groups are also in meta position. The ortho and the para-amino- 


phenol do not give the reaction. 


‘ From the Veterans Administration Hospital, Sunmount, New York 
1071 


C 
H—C ‘C—OH 
H-C 
NH 


1072 P. A. CACCTA 


Para-aminosalicylic acid has been found useful in pulmonary tuberculosis, 
especially in association with other antimicrobial drugs. Reports on its toxicity 
and a review of the literature may be found in Korst (4). 


MATERIALS AND Mernops 


Preparation of sodium nitritopentacyanocobaltate color reagent NayCo(CN),NO,: The color 
reagent was prepared and used in the same way as the iron salt, sodium nitroferricyanide, 
except that the cobalt had been substituted in place of the iron (5) 

Working under a hood, a solution of 120 gm. of sodium nitrite in 180 ml. of water was 
added slowly to a solution containing 30 gm. of cobalt nitrate, Co(NO,;):-6H,0, in 50 ml. 
of water and 15 ml. of glacial acetic acid. To the solution of sodium cobaltinitrite, 18 gm 
of sodium cyanide were added and the temperature was brought to about 60°C. while mixing 
The mixture was allowed to stand at room temperature under the hood until crystals of 
nitrocobalticyanide were formed. To a 4 per cent water solution of sodium nitrocobalti- 
evanide was added, with mixing, an equal volume of 4N sodium hydroxide solution. This 
color reagent, sodium nitritopentacyanocobaltate, being unstable, should be discarded 
after every determination. The crystals of sodium nitrocobalticyanide should be stored in 
a brown bottle 

Preparation of sodium para-aminosalicylate acid standard: One hundred milligrams of 
sodium para-aminosalicylate dehydrate? were dissolved in water and made to a volume of 
100 ml. in a 100 ml. volumetric flask. For a working standard, 10 ml. of stock standard were 
pipetted into a 100 ml. volumetric flask and made to mark with distilled water. One milli- 
liter contains 100 y of para-aminosalicylate 

Determination of sodium para-aminosalicylate in water solution: Sodium salt of para 
aminosalicylate follows Beer's law, deviating slightly as the concentration reaches 75 y per 
ml. Determinations of sodium para-aminosalicylate when present in concentrations rang 
ing from 5 to 125 y per ml. are as follows 

A set of cuvettes received 5, 10, 25, 50, 75, 100, and 125 y of sodium para-aminosalicylate 
from the standard working solution. By the addition of water, the amount of liquid in each 
cuvette was brought to about 1 ml. Each cuvette also received 1 ml. of freshly prepared 
color reagent and 1 ml. of 3 normal acetic acid; the blank received 1 ml. of water, | ml. of 
color reagent, and | ml. of 3 normal acetic acid solution. After mixing, the final pH was 
about 5. The color complex developed slowly and, after standing at room temperature for 
one hour, 7 ml. of water were added to each cuvette to bring the total volume to 10 ml. 
The fluid was mixed and read at the spectrophotometer at 440 wave length; the blank at 0 


optical density 


54 read .050 
10 4 read 
25 > read 248 
5O > read .485 
75 4 read .738 
100 4 read 875 
125 read .980 


The above were averages of many readings 

Determination of sodium para-aminosalicylate in blood serum: In determining the sodium 
para-aminosalicylate content of blood, the blood was centrifuged and 1 ml. of serum was 
pipetted into a test tube. Nine millileters of 10 per cent solution of trichloracetic acid were 
added, mixed, and centrifuged at 3,000 r.p.m. for ten minutes. One milliliter of the clear 


* The sodium salt of PAS dihydrate from Parke, Davis & Co. was used for the experi- 
mental work 
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MICROGRAMS PER MILLILIT 
Fig. 1. Beer's law deviation of sodium para-aminosalicylate in water solution. Readings 


at spectrophotometer at 440 wave length 


supernatant fluid was pipetted into a cuvette. The working standard 0.5 ml. containing 
50 y of sodium para-aminosalicylate was also pipetted into a cuvette and 0.5 ml. of 10 per 
cent solution of trichloracetic acid was added; the blank received 1 ml. of water. To each 
cuvette were added | ml. of color reagent freshly prepared and | ml. of 3 normal acetic acid 
solution. This was mixed and let stand at room temperature for one hour. The development 
of color took place in slightly acid medium, the final pH being about 5, the color complex 
developing slowly from faint orange at 10 y to orange at 50 y per ml. After standing for 
one hour, the volume in each cuvette was brought to the 10 ml. mark by adding 7 ml. of 
water. After mixing, the color intensity was read at the spectrophotometer, the blank at 0 
optical density and 440 wave length. The blank was colorless. Because of the dilution of 
the serum 1:10 the results were multiplied by 10 and reported as the sodium salt of PAS 
in gamma. The cuvettes were left standing at room temperature and the color remained 


stable for several hours 
OBSERVATIONS 


Sodium para-aminosalicylate concentrations in the blood: In patients with nor- 
mal renal function, the maximal amount of sodium PAS in the blood is reached 
at or about one hour after the ingestion of the drug and decreases rapidly as the 


drug is eliminated. The blood of 4 patients was examined before the adminis- 


tration of the drug and no color developed with the reagent, which shows that 
the normal constituents of the blood serum, when the protein has been precipi- 
tated, do not give the color complex with the reagent. When the amount of PAS 
in the blood was expected to be low, then 2 ml. of serum were treated with 4 ml. 
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TABLE |! 
Bioop ConcenTRATIONS OF Soprum PAS 


Time in Hours Patient A Patient B Patient C 


Before dose 7:30 a.m 


1 hour after dose 8:30 a.m 151.0 


111.0 
40.5 
2.0 


2 hours after dose 9:30 a.m 
+ hours after dose 11:30 a.m 
15% hours after last dose: 7:30 a.m 


At 7:30 a.m., the patients received 5.5 gm. of sodium para-aminosalicylate. Another 
dose of 5.5 gm. was given at 11:30 a.m. and still another at 4:00 p.m. Patient D received the 
first dose only, because of toxic reactions. As can be seen, the blood concentration of Patient 


D remained high in the first 4 hours 


TIME IN HOURS 
Fic. 2. Concentrations of sodium PAS in the blood. At 7:30 a.m. the patients received 
5.5 gm. of sodium para-aminosalicylate. Another dose of 5.5 gm. was given at 11:30 a.m 
and still another, at 4:00 p.m. Patient D received the first dose only, because of toxic reac 
tions. As may be seen, the blood concentration of Patient D remained high in the first four 


hours 


of 10 per cent solution of trichloracetic acid, mixed, and centrifuged. Three 
milliliters of clear supernatant, equivalent to 1 ml. of serum, were treated with 2 


ml. of reagent and 2 ml. of 3 normal acetic acid. 
Each patient (A, B, C, and D) received 16.5 gm. of sodium para-aminosalicyl- 


ate in tablet form: 5.5 gm. in the morning at 7:30 a.m., 5.5 gm. at 11:30 a.m., 
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Patient D 
y/ml y/mi 
a 0 0 0 0 
130 
121.0 91.0 172 
28.2 20.2 111 
2.0 2.2 
>) 
4 
7 
i? 
7« 
Bd 
43 ~ 
C 
“3 
25 43 
2 3 & 
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and 5.5 gm. at 4:00 p.m. The blood was examined at one hour, two hours, and 
four hours after the first dose and the next morning at 7:30 a.m., fifteen and 
one-half hours after the last dose. The results can be seen in table 1 and in figure 2. 

Patient D excreted a very small amount of sodium PAS through the kidneys, 
and the amount of urine excreted was also a few milliliters every hour, as will 
be seen later in the determination of sodium PAS excreted through the kidneys. 
Patient D started vomiting after the third hour from the ingestion of sodium PAS; 
the blood and urine were collected at the fourth hour, but the second and third 
doses of sodium PAS could not be administered. 

Determination of sodium para-aminosalicylate added to blood serum: A set of 
graduated centrifuge tubes received 10, 25, 50, 75, 100, 200, 500, 750, and 1,000 4 
from the standard solutions. Each tube also received 1 ml. of blood serum and 
enough 10 per cent trichloracetic acid solution to bring the total volume to the 
10 ml. mark. The blank received 1 ml. of serum and 9 ml. of 10 per cent trichlora- 
cetie acid solution. The mixture was well mixed and centrifuged at 3,000 r.p.m. 
for ten minutes. 

A set of cuvettes received 1 ml. of the clear supernatant treated and deter- 
mined as in sodium PAS in water dilution. The results were as follows: 

Added y per ml. serum Found y per ml 


Blank: serum 


10.0 
20.0 
50.0 
75.0 


100.0 


The average recoveries of sodium PAS added to blood serum were about 98 
per cent when the reading was in the range of Beer’s law. 

Determination of sodium para-aminosalicylate added to urine: Urine, when 
diluted 1:100 or even 1:10 does not produce any color by the addition of the 
color reagent. Also, no color develops when diluted urine contains albumin 
glucose, or acetone. Added sodium PAS to normal diluted urine: a set of cuvettes 
received 5, 10, 25, 50, 75, and 100 y of sodium PAS from the working standard 
solution. Each cuvette also received 1 ml. of the diluted urine 1:10, 1 ml. of 
reagent, and 1 ml. of 3 normal acetic acid, which was mixed and let stand at 
room temperature for one hour. The blank contained 1 ml. of water, 1 ml. of 
reagent, and 1 ml. of 3 N acetic acid. 

Added y per ml. urine Found y | 


Blank: water 


0 
1.0 
1.1 
2.6 
5.0 5 
owe 2.0 
i.o 7.3 
9.8 
19.6 
47.0 
72.0 
81.0 
0 
5 
4.6 
10 9.4 
23.0 
75 70.0 
100 
S40 
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TABLE 2 
Sopium PAS Excretep tHe Kipneys 
Time Patient A Patient B Patient ( Patient D 
me ml cm me mi om me mi gm. mg/ml 

Before 7:30 a.m 0 0 0 0 
1 hour 8:30 a.m 3.03 1730.522 3.22 1650.531 6.00 1460.88 3.03 9 0.027 
2 hours 9:30 a.m 15.10 901.360 9.60 1051.01012.10 670.81 5.02 29 0.145 
4 hours 11:30 a.m 4.30 2431.045 2.30 2250.590 4.33 1670.72 4.33 52 0.225 

Totals—after 4 506 2.927 495 2.131 380 2.41 9 0.397 

hours 

20 hours 7:30 a.m 4.33. 1,2925.600 2.122,7005.710 3.23.1,8606.01 

Totals—after 24 1,798 8.527 3,195 7.841 2,240 8.42 


hours 


At 7:30 a.m., the patients received 5.5 gm. of sodium PAS, the equivalent of 4 gm. of 
PAS. At 11:30 a.m., another 5.5 gm.; and again at 4:00 pm., another 5.5 gm. Patient D 
showed a very poor excretion of drug in the first four hours 


The average recoveries of sodium PAS added to urine were about 90 per cent. A 
large amount of determinations were performed in different urines, and the 
amounts recovered were always around 90 to 95 per cent. 

Amounts of sodium para-aminosalicylate excreted through the kidneys: Patients 
receiving sodium PAS orally excrete large amounts of the drug through the 
kidneys, the amounts sometimes being so high that the urine has to be diluted 
1:1,000 to obtain a reading between 1 and 75 y per ml. 

The following experiment showed that the amount of sodium PAS excreted 
through the kidneys was about 50 per cent of the total sodium PAS ingested 
orally during <he twenty-four-hour period. The urine of the same 4 patients 
(A, B, C, D) mentioned in the determination of sodium PAS in the serum, was 
collected at the same time the blood was taken. The bladder was emptied before 
ingestion of the 5.5 gm. of sodium PAS. The urine was diluted 1: 100 with water, 
and 1 ml. of the diluted urine was pipetted into a cuvette, treated with | ml. of 
color reagent and | ml. of 3 N acetic acid solution, and mixed and let stand at 
room temperature for one hour. Then 7 ml. of water were added and mixed. The 
fluid was colorless. After one, two, four, and twenty hours after the ingestion 
of the drug, the bladder was emptied, the amount of urine measured, and an 
aliquot was diluted 1:100 with water; the two-hour urine sample was diluted 
1:1,000 with water. The determinations were performed as above and read at the 
spectrophotometer at 440 wave length. The complete results, calculated in milli- 
grams and grams, are reported in table 2 and in figure 3. 

Patient D excreted only 90 ml. of urine in the first four hours after the drug 
dose. Of the 5.5 gm. ingested, only one-fourteenth of the amount was in the 
urine. The other patients had already eliminated several grams of the drug, 
namely 50 per cent, and Patient D, only 0.397 gm.; also, his blood concentra- 
tion was kept high during the first four hours of the experiment. 
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Fic. 3. Sodium PAS excreted through the kidneys. At 7:30 a.m. the patients received 5.5 
gm. of sodium PAS, the equivalent of 4 gm. of PAS. At 11:30 a.m., another 5.5 gm. and again 
at 4:00 p.m., another 5.5 gm. Patient D showed a very poor excretion of drug in the first 


four hours 


Sensilivily of the test: A set of cuvettes received 0.5, 1, 1.5, 2, 3, 10, 12, 25, 27, 


50, and 52 y of sodium para-aminosalicylate from the working standard solution. 
They also received 0.5 ml. of a 10 per cent solution of trichloracetic acid, the 
color reagent, and the 3 N acetic acid. The readings at the spectrophotometer, 


at 440 wave length, were as follows: 


0.5 - 0.005 10 4 0.108 
1.0 - 0.011 12 + 0.126 
1.5 3 0.016 25 4 0.248 
2.0 ; 0.020 27 4 0.266 
3.0 > 0.032 5O 4 0.489 

52 4 0.513 


The sensitivity of the method is 0.5 to 1 y per ml., calculated as sodium para- 
aminosalicvlate dihydrate, when 138 mg. of sodium PAS, 2H,O equal 100 mg. 
of PAS. 

Interference with the assay of sodium PAS: The following list of chemicals were 
tested and none gave the color reaction of PAS: streptomycin, isoniazid, para- 
aminobenzoic acid, pyrazinamide, viomycin, penicillin, cycloserine, salicylic 
acid, acetylsalicylic acid, benzoic acid, sulfosalicylic acid, carbohydrates, amino 
acids, vitamins, adenine, guanine, uric acid, nucleic acid. 


DIscUSSION 


The large doses of sodium PAS administered to patients, the rapid elimination 
of the drug from the blood, and the large amount found in the urine, together 


1.4 
2 0.8 f 
/ 
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with isoniazid or pyrazinamide, require the development of a method which is 
specific and, at the same time, sensitive to about 1 y per ml. The sensitivity of 
the test is an important feature of the present method. When the patient had 
been without drug during the night and in the morning the findings in the 
blood approached 2 y per ml., only a method with a colorless blank and a color 
reaction which develops even at 1 y per ml. can be of use. The color reaction is 
specific for NH, and OH in meta position as in PAS, and its determination can 
be performed in the presence of isoniazid or pyrazinamide. The color is stable, 
the only disadvantage being the slow development of the color which, having 
once reached its maximal intensity, becomes stable for hours. 


SUMMARY 


A colorimetric method for the determination of para-aminosalicylic acid (PAS) 
sodium salt in blood and in urine has been described. Normal constituents of 
blood and urine do not interfere with the color reaction, which is specific for 
PAS because of NH, and OH in meta position. The sensitivity of the test is 
0.5 to 1 y per ml. The color develops slowly, reaches its maximal intensity after 
one hour, and then remains stable for several hours. 


SUMARIO 


La Determinacién Espectrofotométrica del Acido Para-Aminosalictlico (PAS) en la Sangre y 
la Orina 


Se describe un método colorimétrico para la determinacién de la sal sédica del Acido 
para-aminosalicilico (PAS) en la sangre y la orina. Los componentes normales de la sangre 
y la orina no obstaculizan la reaccién crémica, que es especifica para el PAS debido a hallarse 
el NH, y el OH en metaposicién. La sensibilidad de la reaccién es de 0.5-1 y por ml. La 
coloracién aparece lentamente, aleanza su intensidad maxima al cabo de una hora y luego 
permanece estable por varias horas 


RESUME 


Détermination spectrophotométrique de Uacide para-aminosalicylique (PAS) dans le sang et 


l'urtne 


Description d'une méthode colorimétrique pour la détermination de l’acide para-amino 
salicylique (PAS) sodique dans le sang et l’urine. Les composants normaux du sang et de 
‘urine n’interviennent pas dans la réaction de colorasion, qui est spécifique pour le PAS a 
cause de la présence de NH, et de OH en position méta. La sensibilité du test est 0,5-1 4 
par ml. La coloration se développe lentement, atteint son intensité maxima au bout d'une 
heure et demeure stable pendant plusieurs heures 
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Case Reports 


THE DEVELOPMENT OF TUBERCULOUS MENINGITIS DURING 
PREGNANCY' 


CONSTANTIN STEPHANOPOULOS 
(Received for publication April 4, 1956) 
INTRODUCTION 


The co-existence of tuberculosis and pregnancy, independent of the fact that the former 
may develop in pregnant women or the latter occur in tuberculous ones, even to-day, in 
spite of diagnostic and therapeutic progress, remains a serious social and therapeutic 
problem. Although mortaility in tuberculous pregnant women has diminished considerably 
during the last ten years because of the use of chemotherapy, it cannot be overlooked that 
pregnancy generally acts unfavorably upon the development of tuberculosis. 

More important is the question of the prognosis of a pregnancy complicated by meningi- 
tis, this being the gravest manifestation of tuberculous dissemination. Before the advent 
of antituberculous chemotherapy, the outcome of tuberculous meningitis was generally bad. 

To-day, with the use of antimicrobial drugs, a cure can be achieved in a considerable 
percentage of cases. But in spite of that, the gravity of the disease continues to exist. The 
gestation itself disturbs the functional equilibrium of the organism, and this is dangerous 
in cases of tuberculous meningitis, in which the favorable or unfavorable progress depends 
substantially on the general condition of the organism. 

The purpose of this paper is to present 6 cases of tuberculous meningitis co-existing 
with pregnancy. In each case the meningitis developed during pregnancy and not during 
confinement or in the subsequent period. Only a relatively small number of such patients 
treated with antimicrobials has been reported in the world literature. 


Case 1. The patient (Panagiota P.) was a 28-year-old housewife. Her illness was mani 
fested early in June, 1951, by headaches, vomiting, intense backache, and opisthotonos. She 
entered the hospital at Chalkis where a diagnosis of tuberculous meningitis was made. She 
received a course of streptomycin intrathecally and intramuscularly for a total dosage of 
15 gm. 

On July 3, 1951, the patient entered the University Clinic of Sotiria in a gravely ill condi 
tion, accompanied by mental confusion. She was seven months’ pregnant. The lumbar punc- 
ture gave the following results: the cerebrospinal fluid was pale yellow, but otherwise clear 
There was no sediment; the Nonne-Apelt and Pandy reactions were intensely positive 
There were 381 cells per cu. mm., all of which were lymphocytes. The sugar content was 0.5 
per 100 ml.; albumin, 0.9 per 100 ml.; chlorides, 670 mg. per 100 ml. The tryptophan reaction 
was intensely positive. A roentgenogram of the chest showed no abnormalities. Therapy 
was continued with | gm. of streptomycin intramuscularly daily and 50 mg. intrathecally 
every two days. 

In spite of all treatment, the patient's condition rapidly deteriorated and she died on 
July 17, 1955. 

Case 2. The patient (Ellen T.) was a 27-year-old housewife. The first symptoms of her 
illness were manifested toward the end of June, 1953. On August 6 of that year she entered 
the clinic, where a diagnosis of tuberculous meningitis was made. The results of the cerebro 


' From the Seamen’s Sanatorium, Athens, Greece. 
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spinal fluid examination were as follows: the fluid was colorless, with no sediment and no 
fibrin. The Nonne-Apelt and Pandy reactions were intensely positive. There were 610 cells 
per cu. mm. The sugar content was 0.61 per 100 ml. The tryptophan reaction was intensely 
positive. The erythrocyte sedimentation (Westergren) rate was 80 to 120 per mm. Culture 
of the cerebrospinal fluid for tubercle bacilli was negative, but guinea pig inoculation was 
positive 

The patient was in the fifth month of pregnancy. Treatment was started and consisted of 
1 gm. of streptomycin intramuscularly and 700 mg. of isoniazid orally each day. In addition, 
the patient received 0.1 gm. of streptomycin intrathecally every two days. After receiving 
antimicrobial treatment for two months, considerable improvement was observed. The 
examination of the cerebrospinal fluid on December 4, 1955, showed the following: the fluid 
was clear, with no fibrin. The Nonne-Apelt and Pandy reactions were positive. There were 
45 cells per cu. mm. The sugar content was 0.52 per 100 ml.; albumin, 4 per 100 ml.; chlorides 
6.68 per 100 ml. Streptomycin and isoniazid therapy was continued, and the oral adminis- 
tration of PAS, 12 gm. daily, was added. On November 23, 1953, the patient was delivered of 
a healthy female child weighing 3,000 gm. The days after her confinement passed without 
any complication for either the mother or the newborn. The administration of streptomycin 
intramuscularly and the isoniazid therapy were continued. The intrathecal injections of 
streptomycin and the administration of PAS were discontinued. 

In March, 1954, the patient left the clinic without any symptoms and in excellent condi 
tion. The examination of the cerebrospinal fluid at the time she left showed that the fluid 
was clear, with no fibrin; the albumin, 30 per 100 ml.; sugar content, 80 per 100 ml., and 
chlorides, 7.25 per 100 ml. There were 10 cells per cu. mm. The Nonne-Apelt and Pandy 
reactions were slightly positive and the erythrocyte sedimentation rate was 25 to 60 per 
mm. A year after the patient left the hospital, she was perfectly well and her baby was also 
in good health 
Case 3. The patient (Olga A.) was a 23-year-old housewife. Her illness was first mani 
fested in December, 1953, at which time she was in the seventh month of pregnancy. The 
patient entered the clinic on December 11, 1953, where a diagnosis of tuberculous meningitis 
was made. Her general condition was fairly good. Neurologic signs were present, but her 
mind was clear. Examination of the cerebrospinal fluid showed the following: The sugar 
content was 0.25 per 100 ml; albumin, 4 per 100 ml., chlorides, 6.75 per 100 ml. The 
Nonne-Apelt, Pandy, and tryptophan reactions were positive. There were 75 cells per cu. 
mm. Culture of the cerebrospinal fluid was positive for tubercle bacilli. The erythrocyte 
sedimentation rate was 67 to 102 per mm. There was no evidence of pulmonary tuberculo- 
sis 

The chemotherapy consisted solely of isoniazid, 500 mg. daily. Considerable amelioration, 
both bacteriologic and clinical, was observed following treatment. On March 17, 1954, the 
patient had a healthy male baby by normal delivery and progressed satisfactorily during 
the period of her confinement. 

On April 27, 1954, a slight febrile reaction was observed which reached 39°C. after two 
days. Examination of the cerebrospinal fluid revealed the following: On May 14, 1954, the 
color was clear; albumin, 0.6 per 100 ml. The sugar content was 0.35 per 100 ml. The Nonne 
Apelt and Pandy reactions were slightly positive and the tryptophan reaction was positive. 
There were 5 cells per cu. mm., and the erythrocyte sedimentation rate was 35 to 72 per mm. 

Streptomycin was added to the therapeutic regimen, | gm. intramuscularly daily, and 
PAS was administered intravenously, 1,000 gm. daily of a 3 per cent solution. After a week, 
considerable amelioration was observed, and one month after the combined antimicrobial 
treatment was started, considerable clinical and bacteriologic improvement was evident. 

On September 30, 1954, the patient left the hospital in excellent condition, without symp- 
toms. The examination of the cerebrospinal fluid revealed the following: Albumin was 0.5 
per 100 ml.; the sugar content, 0.8 per 100 ml. The Nonne-Apelt and Pandy reactions were 
slightly positive. There were 9 cells per cu. mm.; chlorides, 7.72 per 100 ml. The erythrocyte 
sedimentation rate was 24 to 47 per mm. 
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For six months more streptomycin was given every other day and isoniazid and PAS 
were given by mouth daily. The last examination of the patient in April, 1955, showed full 
recovery, as determined by both clinical and laboratory examinations. 


Case 4. The patient (Angeliki P.) was a 26-year-old woman who was a telephone operator 
When she was fifteen years old, she had had pleurisy. Her present disease was manifested 
toward the middle of July, 1954. Anti-typhoid treatment was started at home and was 
continued for a week. On July 28, she entered a clinic where a diagnosis of tuberculous 
meningitis was made. The patient was found to be eight months’ pregnant. Examination of 
the cerebrospinal fluid gave the following results: the color was clear; albumin, 1.88 per 
100 ml.: sugar content was 0.22 per 100 ml. The Nonne-Apelt and Pandy reactions were in 
tensely positive; the chlorides, 6.65 per 100 ml. The tryptophan reaction was positive; 
there were 295 cells per cu. mm. Culture of the cerebrospinal fluid for M. tuberculosis was 
positive; the erythrocyte sedimentation rate was 65 to 107 per mm. The opthalmologic 
examination showed hyperemia and blurring of the fundus. There was no evidence of 
pulmonary tuberculosis 

Treatment was started and consisted of 1 gm. of streptomycin intramuscularly and 500 
mg. of isoniazid each day. On August 10, 1954, the patient delivered a premature but healthy 
female of normal weight. After her confinement, the neurologic signs showed worsening of 
her condition. The patient appeared excited, with delirium, and was mentally confused. 
The administration of PAS intravenously was followed by gastric hemorrhage and, there 
fore, was abandoned. Moreover, the intrathecal instillations of streptomycin were not pos 
sible because of the marked increase in the nervous phenomena. The treatment was. there 
fore, limited to isoniazid orally and the administration of streptomycin intramuscularly 
The patient's condition was serious and occasionally desperate for a two-month period; 
but from November, 1954, some steady improvement was noted and by the end of January, 
1955, she was without any symptoms and was in good general condition 

The examination of the cerebrospinal fluid during that period revealed the following 
The color was clear; albumin was 1.25 per 100 ml.; sugar content, 0.48 per 100 ml. The Nonne 
Apelt and Pandy reactions were positive; chlorides, 7.60 per 100 ml.; there were 36 cells per 
cu. mm 

In February, 1955, streptomycin was discontinued because of auditory impairment. On 
April 25, 1955, the patient left the hospital fully recovered and in excellent general condi 
tion. The last examination after discharge was made in September, 1955, and showed full 
recovery as determined by both clinical and laboratory examinations. Moreover, examina 
tion of the baby girl showed her to be in excellent health 


Case 5. The patient (Aikaterini P.) was a 27-year-old housewife. In mid August, 1954, 
the patient was first seen with an elevation of the body temperature and dyspnea. She 
was eight months’ pregnant. She was given streptomycin and oxytetracycline. About two 
weeks later meningeal symptoms appeared, viz., headache, vomiting, and opisthotonos 
On September 5, 1954, the patient entered the University obstetrical clinic, where miliary 
and meningeal tuberculosis was diagnosed. Examination of the cerebrospinal fluid revealed 
the following: The color was clear; the albumin, 2.5 per 100 ml. The sugar content was 0.34 
per 100 ml.; there were 151 cells per cu. mm. Tubercle bacilli were found in the cerebrospinal 
fluid. The erythrocyte sedimentation rate was 85 to 108 per mm. 

Treatment was started and consisted of 1 gm. of streptomycin and 450 mg. of isoniazid 
daily. On September 26, 1954, the patient was delivered of a normal healthy female irfant 
weighing 3,500 grams. On October 3, 1954, the patient was removed from the obstetrical 
clinic to the hospital. Her condition had shown considerable amelioration. The examination 
of the cerebrospinal fluid showed the following: The albumin was 1 per 100 ml.; the sugar 
content, 0.52 per 100 ml.; chlorides, 6.32 per 100 ml. The Nonne-Apelt and Pandy reactions 
were positive; there were 40 cells per cu. mm. Inoculation of the cerebrospinal fluid into 
guinea pigs showed it to be positive for M. tuberculosis. Roentgenographic examination of 
the chest showed considerable amelioration of the miliary tuberculosis. The isoniazid 
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streptomycin regimen was continued and PAS was also added in a dosage of 12 gm. orally 
daily. A steady and progressive clinical improvement was observed and the laboratory 
findings likewise showed favorable changes. In January, 1955, the patient left the clinic fully 
recovered. 

The cerebrospinal fluid during this period showed the following: Albumin was 0.35 per 
100 ml.; sugar content, 0.60 per 100 ml.; chlorides, 7.15 per 100 ml. The Nonne- 
Apelt and Pandy reactions were slightly positive ; there were 7 cells per cu. mm. The erythro- 
eyte sedimentation rate was 15 to 40 per mm. There was also considerable roentgenographic 
improvement in the process of the lungs. The last examination of the cerebrospinal fluid 
at the time of the patient's discharge from the hospital in April, 1955, was not completely 
normal, but the findings appeared to have stabilized. 

On May 9, 1955, the patient re-entered the clinic because of relapse of the meningitis, 
which was manifested clinically by headaches, dizziness, opisthotonos, and fever of 38.4°C. 
There was worsening of the laboratory findings in the cerebrospinal fluid. There were no 
abnormalities in the lungs. The patient was started immediately on a course of strepto- 
mycin, 2 gm. intramuscularly, isoniazid, 500 mg., and 12 gm. of PAS daily. She was also 
given intrathecal injections of streptomycin in a dosage of 10 mg. every two days. (Starting 
in August, 1955, PAS was administered intravenously.) The patient's condition showed 
steady improvement and on April 25, 1956, she left the hospital in generally good condi- 
tion and without symptoms. The examination of the cerebrospinal fluid revealed the fol- 
lowing: albumin, 0.8 per 100 ml.; sugar content, 0.64 per 100 ml., and chlorides 7.10 per 100 
ml. The Nonne-Apelt and Pandy reactions were slightly positive; there were 15 cells per 
ecu. mm 

The newborn infant presented phenomena of meningitis from the time of his birth. The 
Mantoux reaction was positive and chest roentgenography showed enlarged tracheobron- 
chial lymph nodes. Lumbar puncture was not done. Streptomycin and isoniazid were ad 
ministered at once and continued for two months and isoniazid was given alone for four 
months therafter. The baby is now well. 


Case 6. The patient (Maria M.) was a 19-year-old worker. She had suffered from erythema 
induratum and left-sided pleurisy in May, 1954. In April, 1955, when she was seven months 
pregnant, she was found to have high fever and dyspnea. Therapy with streptomycin pro 
duced no change in her condition, and roentgenographic examination showed the presence 
of miliary tuberculosis. On May 7, 1955, she entered the clinic, where a course of streptomy 
cin, 1 gm., and PAS, 8 gm., was administered daily. Shortly before her delivery, the patient 
presented signs of meningitis. The examination of the cerebrospinal fluid showed: albumin, 
1.8 per 100 ml.; sugar content, 0.4 per 100 ml. No fibrin was present; the Nonne-Apelt and 
Pandy reactions were intensely positive. The chlorides were 6.25 per 100 ml., and there 
were 400 cells per cu. mm. 

A diagnosis of tuberculous meningitis was made and a dosage of 300 mg. of isoniazid 
daily was added to the treatment. On May 20, 1955, the patient had a premature baby. The 
infant was alive. After the delivery, aggravation of the disease was observed, and paralytic 
phenomena in the form of left hemiplegia and signs of increased cerebrospinal pressure were 
noted. In spite of intense antimicrobial treatment, the patient died forty days after her 
delivery. The newborn lived twenty days and died of miliary tuberculosis and meningitis, 


confirmed by necropsy 


COMMENT 


In the 6 cases reported above, tuberculous meningitis coexisted with pregnancy in 
every instance. In 4 of the cases the meningitis occurred as the sole tuberculous manifesta- 
tion, and in the other 2 the meningitis was associated with miliary tuberculosis. In the first 
group 3 patients lived and one died; in the other group one lived and one died. 

A relapse was observed in one of the patients with miliary tuberculosis five months 
after her discharge from the clinic. The relapse was successfully treated by therapy with 
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three antimicrobial drugs. The treatment which was applied in the 5 cases was the com- 
bination of the three antimicrobial drugs, and in one case streptomycin alone was adminis- 
tered. 

In 3 cases, the illness was manifested in the seventh month of pregnancy; in 2, in the 
eighth month of pregnancy; and in one, in the fifth month of pregnancy. In 3 cases, de 
livery was physiologic and in 2 it was premature. Aggravation of the illness after delivery 
was observed in 2 cases. Of these the patient of Case 4 had a favorable outcome, but the 
other patient (Case 6) died. 

Five babies were born alive. The patient of Case 1 died before completing her time of 
pregnancy. The five infants were born apparently healthy, but two of them developed 
tuberculous infection. The other three have not presented any tuberculous manifestation 
up to the present. Of the two infants who developed tuberculous infection, the first showed 
signs of tuberculous meningitis on the tenth day after delivery. The cutaneous reaction to 
tuberculin (Mantoux) was positive, and roentgenography showed tracheobronchial adeni- 
tis. Streptomycin and isoniazid were administered and the baby is now well. 

The other infant showed evidence of tuberculous meningitis and miliary tuberculosis 
about the twentieth day after birth. In spite of the therapy applied, this baby died. 

The total number of cases of tuberculous meningitis appearing in the course of preg 
nancy which could be collected from the literature amounts to thirty-one. To this number 
should be added the present 6 cases. It seems unlikely, however, that this small number 
corresponds to the real number of cases of tuberculous meningitis which develop during 
pregnancy. Certainly there must be cases which were not published or other cases which 
could not be found in the literature 

The list of the authors and the cases published by each of them are presented in table 1 

The total, therefore, of the cases found in the literature, together with the present 6 
cases, comes to 37. The end result of treatment in these cases is presented in table 2. 

Of the total of 37 cases, 23 were tuberculous meningitis alone, 8 were meningitis and 
miliary tuberculosis together, and 6 represented meningitis in association with tuberculosis 
of other organs. Of the patients who had meningitis alone, about 67 per cent lived, whereas 
approximately 50 per cent survived in the groups of meningeal and miliary disease or 
meningitis associated with tuberculosis of other organs. Of the total of 37 patients, 25 
lived and 12 died, viz., the favorable result came to 72 per cent. 

The treatment administered to the 37 patients is presented in table 3. 

In table 4, the month of pregnancy during which tuberculous meningitis was first 
manifested is presented in association with the outcome of the disease. 

The outcome of the pregnancy in the women who developed tuberculous meningitis is 
shown in table 5. 

In 20 cases (54 per cent of the total), pregnancy developed physiologically and the de 
livery was normal. In 6 of the 37 cases, premature delivery occurred; in 4 of these cases 
cesarean operations were performed; in 3 cases pregnancy was interrupted during the 
first months, and 4 patients died during gestation. 

From the above, the conclusion may be drawn that interruption of pregnancy when 
tuberculous meningitis develops during the first two or three months of pregnancy can 
exercise a favorable influence on the development of the disease. Otherwise, physiologic de 
velopment of the pregnancy is to be desired. 

The fact that pregnancy acts unfavorably upon the development of tuberculous menin 
gitis seems obvious. Moreover, delivery might possibly provoke serious aggravation of the 
disease, as happened in 2 of the 6 cases. Nevertheless, timely prognosis and immediate 
antimicrobial treatment could lead to a favorable result not differing substantially from 
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TABLE 1 


List or Rerorts anp Cases or TuspercuLovus Meninoitis DuRING PREGNANCY 


Report Number of Cases 
Lungo l l 
Brochier and Chevalier (2 l 
Silvermann and Feinblatt (3 l 
Geneyrrier, Bordet, and Lantuezoul(4 l 
Lesne, Cayla, Roche, and Allard (5 l 


Lenzi (6-10 6 


Kane (11 2 
Faugere and Freour (12 l 
Brochier, Rochat, and Gabriel (13 l 
Belvederi (14 l 
Chappaz and Dazy (15 1 
Swift (16 l 
Rogers, Wilson, and Goodier (17 l 
Rutberg (18 l 
Gunn, Nagley, and Bevan (19 l 
Goodwin and Kelner (20 l 
Mandel and Grappe (21 2 
Masi and Moggi (22 3 
Jentgens (23 l 
Haitzmann and Kleas (24 l 
Brochier, Rochet, and Delignette (25 2 
Stephanopoulos (present report 6 


TABLE 2 


Enp Resvuuts or TREATMENT 1n Cases Founp IN THE LITERAT 
AND IN THE PRESENT Six Cases 


Meningitis and 


Cases Pure Meningitis Miliary Tubercu 
losis 
Lived 25 IS 4 
Died 12 5 4 
Total 37 23 Ss 


TABLE 3 


TREATMENT ADMINISTERED TO 37 PATIENTS 


Mtreptomycin Streptomycin 


Case Streptomycin 
and PAS and Isoniazid 


Lived 25 ll 7 2 
Died 12 s 3 


Total 37 19 10 2 


URE 


Meningitis and 


Tuberculosis « 
Other Organs 


Streptomyc 
PAS and 


Isoniazid 


vt 


in 


| 
; 
3 

5 
l 
6 
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TABLE 4 
Monts or PreGcnancy Durtinc Wuicn Disease MANirestep ITseELr 
AND OvTCOME OF DISEASE 


Month of Pregnancy During Which the Tuberculous Meningitis Appeared 


Cases 
I 2 3 4 5 6 7 8 9 
Lived 25 1 2 2 1 6 4 6 3 
Died 12 I 5 2 2 l l 
Total 37 l 2 3 l 11 6 8 4 l 
TABLE 5 
OvTcoMeE or PREGNANCY IN 37 CASES 
Son Physiologic Premature Cesarean Interruption of Death During 
- Delivery Delivery Operation Pregnancy Pregnancy 
Lived 25 17 3 2 3 
Died 12 3 3 2 4 
Total 37 20 6 4 3 t 


that in patients who are not pregnant. For this reason, the present writer believes that, if 
interruption of pregnancy is not faced at the beginning, it is right to direct all efforts to the 
preservation and physiologic development of the pregnancy. 

Equally interesting was the condition of the infants. At first, it might have been possible 
to consider the use of large doses of antimicrobial drugs, especially streptomycin, dangerous 
to the infant. According to the studies of Grasset (26) and his collaborators, the concen- 
tration of streptomycin in the blood of the fetus was 2.5 to 10 times less than that in the 
mother. Consequently, careful administration of streptomycin to the mother should not 
cause danger to the fetus 

Nevertheless, Leroux (27) mentions the case of a pregnant woman to whom streptomy 
cin was administered during the last month of pregnancy who was delivered of a child born 
deaf. It is generally considered, however, that the administration of antimicrobial drugs to 
expectant mothers is not dangerous to the newborn 

In 28 cases of alive newborns of the collected series, no difficulty is reported to be due 
to the use of antimicrobial drugs. 

The total of born children in the collected series is 30, 28 of whom were born alive and 
apparently healthy; 2 were born dead. In these latter cases no tuberculous infection was 
ascertained by autopsy. Of the 28 born alive, 19 were born physiologically, 5 prematurely, 
and 4 through cesarean operation. Of the infants born alive, 22 presented no signs of 
tuberculous infection, while 6 showed evidence of tuberculous infection in a period varying 
from days to a month from their birth. Three of these last 6 infants developed tuberculous 
meningitis, one meningeal and miliary disease, one tuberculosis of the lungs, and one 
tuberculous peritonitis. Four of the 6 infants lived and 2 died 

The ways of transmitting tuberculosis from the mother to the embryo during intra 
uterine life are three: through the blood circulation from a diseased placenta and the cord 


(in such rare cases the primary complex appears in the liver and the lymph nodes of the 
porta hepatis); by the ingestion of contaminated amniotic fluid at birth, in which case the 
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primary complex develops in the intestine and the mesenteric nodes; and by inhalation of 
contaminated amniotic fluid. These last two ways of infection during the intrauterine life 
of the embryo are considered the most usual and presumably represent the way in which 
infection occurred in the 6 cases which form the basis of the present report 


SUMMARY 


The case records of 6 women who developed tuberculous meningitis in the course of 
pregnancy are presented in detail. An additional 31 cases from the world literature were 
found, making a total series of 37 cases. On the basis of this experience, it appears that 
pregnancy adds difficulties to the development and therapy of tuberculous meningitis. 
Nevertheless, if the diagnosis is established early and the appropriate treatment applied, 
the ultimate results are not too unlike the results attained in the treatment of uncompli 
cated cases of tuberculous meningitis 


SUMARIO 


Meningitis Tuberculosa y Embarazo 


Preséntanse con todo pormenor los protocolos clinicos de 6 mujeres que manifestaron 
meningitis tuberculosa en el transcurso del embarazo. Se encontraron otros 31 casos en la 
literatura mundial, formando asi una serie total de 37 casos. A base de estas observaciones, 


parece que la gestacién crea nuevas dificultades en la evolucién y la terapéutica de la me 


ningitis tuberculosa. Noobstante, si se establece el diagnéstico tempranamente y se aplica el 
tratamiento apropiado, los resultadoso finales no son demasiado distintos de los obtenidos 
en el tratamiento de los casos de meningitis tuberculosa sin complicaciones 


RESUME 
ngile tuberculeuse et 


Les observations de six femmes ayant toutes été atteintes de méningite tuberculeuse au 
cours de la grossesse sont présentées en détail. En outre, 31 cas additionnels publiés dans 
la littérature mondiale portent la série totale A 37 cas. Selon ces observations, il apparait 
que la grossesse ajoute aux difficultés quant au développement et au traitement de la mé 
ningite tuberculeuse. Néanmoins, si le diagnostic est promptement établi et le traitement 
approprié appliqué, les résultats ultimes ne différent guére de ceux obtenu dans le traite 
ment des cas de méningite tuberculeuse sans complications 
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In the period 1946-1956, 25 cases of bronchogenic carcinoma were found among the 
patients treated for pulmonary diseases at the Veterans Administration Hospital, Castle 
Point, New York (1). Two of these cases of pulmonary neoplasm were found in pa- 
tients who had pre-existing silicosis. It is the purpose of this report to present these 2 
cases and to review the problem of inter-relationship of silicosis and bronchogenic car 


cinoma 
Case Reports 


J. H. 38. was a 67-year-old male, who had been a foundry workers for fifty vears. He com 
plained of a hacking cough of many years’ duration, and in October, 1949, was hospitalized 
elsewhere because of bloody sputum, ankle edema, dyspnea, and hypertension. At that time 
a chest roentgenogram revealed a moderate cardiac enlargement and a bilateral nodular 
infiltration with markedly increased bilateral hilar areas. The patient was treated for con 
gestive heart failure and subsequently was discharged to the outpatient department for 
observation for suspected pulmonary tuberculosis. Pneumoconiosis was also considered in 
view of his occupational history. Tubercle bacilli were not found in the sputum during the 
entire period of observation. In August, 1953, the patient was rehospitalized because of 
hemoptysis. At this time a radiolucent area surrounded by a thick wall was seen on the chest 
roentgenogram in the left midlung region. His sputum was still negative for tubercle bacilli 
A diagnosis of pulmonary tuberculosis was made, and the patient was transferred to this 
hospital for further care on October 16, 1953. His condition was extremely poor; the cavity 
in the left lung had increased in size and had a fluid level. The sputum remained negative 
for tubercle bacilli and also for tumor cells. The patient died on January 8, 1954. The au 


topsy revealed a bronchogenic carcinoma, squamous cell type, of the left upper lobe with 
abscess formation and silicosis of all lobes and mediastinal lymph nodes. Pulmonary tuber 


culosis was not found 


J. M. was a 60-year-old white male, who had been a hard coal miner for thirty years 
Third-stage silicosis was found on a 1949 chest roentgenogram. He stopped working, how 
ever, only in March, 1952, because of increase in cough and dyspnea. A chest roentgenogram 
in April, of that year, revealed an opacification of the upper half of the left lung and a 
nodular infiltration in the right upper lobe, with an enlarged right hilum. The patient was 
admitted to this hospital on June 3, 1952. Three days later a biopsy was obtained by bron 
choscopy. An undifferentiated bronchogenic carcinoma of the left main stem bronchus was 
found. One sputum specimen was positive on culture for tubercle bacilli (10 colonies 
and a diagnosis of silicotuberculosis was made in addition to the neoplastic disease. Since 
his condition was deemed inoperable, the patient was transferred for radiotherapy to 
another hospital where the sputum was also found to contain tubercle bacilli. Antimicro 
bial therapy was started on October 13, 1952. The patient died on February 12, 1953. Per 


mission for autopsy Was not granted 
COMMENTS 


More than a million industrial workers were exposed potentially to a silicosis hazard 
in 1930 in the United States; half of this number were exposed to truly dangerous quan 
tities of air-borne silica (2). The incidence of lung cancer in those afflicted with silicosis 


' From the Medical Service, Veterans Administration Hospital, Castle Point, New York 
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Case 1.J.H.8 


Fic. 1. Roentgenogram of October 13, 1949, reveals diffuse nodular infiltration in both 
lungs with enlarged heart and mediastinum 


Fic. 2. Roentgenogram of August 29, 1953, reveals, in the left midlung region, a radio 
lucent area with a fluid level surrounded by a thick wall and an infiltration extending into 


the left hilum. The right lung is unchanged as compared with figure 1. Both costophrenic 


sinuses are obliterated 
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Case 2. J. M. 


Fic. 3. Chest roentgenogram reveals diffuse and conglomerate nodular infiltration in 
the right upper lobe and an enlarged right hilum. A diffuse opacity occupies the upper half 
of the left lung 


has not kept pace with its evertincreasing occurrence in the general population. Cases 
of combined silicosis and bronchogenic carcinoma are reported in very small numbers 
and rather infrequently in the medical literature. In 1939, Klotz (3) reported 4 cases of 
bronchogenic carcinoma in 50 autopsy cases of silicosis—an incidence of 8 per cent as 
compared with the incidence of 1.7 per cent of bronchogenic carcinoma among his 4,500 
unselected autopsies. He then concluded that “the co-existence of carcinoma of the lung 
and silicosis is not purely accidental and that individuals suffering from silicosis, even 
in its early stages, may be more prone to develop carcinoma of the lung than the re 
mainder of the population not so exposed.’’ However, this author’s findings were not 
confirmed by subsequent reports of Vorwald and Karr (4), Pancoast and Pendergrass 
(5), Allen (6), and Olson (7), who believed that the part played by silicosis in the de 
velopment of bronchogenic carcinoma was insignificant. In an exhaustive review of the 
subject, particularly as it referred to the workman’s compensation, Smith (8) pointed 
out the “inadequacy of the evidence for incriminating silicosis as a pathologic agent 
in the development of cancer of the lung.” 

In England, C. G. Golding (9) found no cases of bronchogenic carcinoma in one series 


of 270 autopsies of silicotic patients at which he was present and only three cases in his 
own 170 cases of silicotic patients. Kennaway and Kennaway in England (10) believed 


that there had been a greater incidence of bronchogenic carcinoma among miners in the 
past thirty years, possibly because of the increase of cigarette smoking which is replacing 
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the former customary pipe smoking among miners. They concluded, however, that the 
incidence of bronchogenic carcinoma in miners is less than that in the general population 
and is similar to that in agricultural workers. In Germany, Spérlein (11) found only 
one case of bronchogenic carcinoma in his own 81 autopsies of silicotic patients. He also 
reviewed 24,571 autopsies from both the Erlanger and Wurzburger pathological insti- 
tutes performed from 1930 to 1947 and from 1932 to 1953, respectively, and found 383 
cases of silicosis among them. Of these, only 7 patients had associated bronchogenic car 
cinoma. There was no bronchogenic carcinoma combined with any of the severe cases of 
silicosis. There were only 2 cases of bronchogenic carcinoma found in the moderate sili- 
eotics, and 5 in the mild silicotic cases. Spérlein concluded, on the basis of his own findings 
and those of Bauer (12) and Meiklejohn (13), that, as the grade of silicosis rises, the num- 
ber of pulmonary carcinomas becomes smaller without exception. He stated his strong 
impression that silicosis and, therefore, silicic acid constitute a definite protection against 
attacks of pulmonary carcinoma. 

In reviewing the problem of industrial cancer of the lung, Mayers (14) stated that: 
“Silicosis is not apparently associated with, or productive of lung cancer, whereas asbes- 
tosis very probably is. Is there a chemical difference which accounts for the one being 
carcinogenic and not the other? Are differences in the physical characteristics of silica 
and asbestos dust responsible—we do not know.” 

No conclusion can be drawn from the 2 cases in the present study with respect to the 
interrelationship of lung cancer and silicosis. It is evident that investigation of this 
problem is indicated 

The problem of early diagnosis of bronchogenic carcinoma is complicated by its asso 
ciation with pneumoconiosis. It is well known that the diagnosis of pneumoconiosis is at 
times very difficult since it may simulate, among other conditions, pulmonary tuberculo 
sis, sarcoidosis, cardiovascular diseases, and bronchogenic carcinoma. When the malig 
nancy is associated with pneumoconiosis, the difficulties are at times insurmountable. 

The problem of the correct diagnosis in the first case in the present report was a diffi 
cult one. While the diagnosis of pneumoconiosis was considered when the patient was 
treated for congestive heart failure, it was not definitely established, and the diagnosis of 
pulmonary tuberculosis was made. The presence of still another disease entity could have 
been suspected at that time since the sputum never revealed tubercle bacilli and the thick 
walled cavity in the left lung was not of the type usually seen in pulmonary tuberculosis 
The diagnosis of bronchogenic carcinoma was considered at this hospital prior to death 
The autopsy revealed it to be in the left upper lobe. Silicotic nodules were also present in 
all lobes and mediastinal lymph nodes. Pulmonary tuberculosis was not found. 

In the second case the diagnosis of bronchogenic carcinoma in a known silicotic was 
suspected on a chest roentgenogram and was confirmed by biopsy. Unfortunately the 
condition was inoperable when found. This patient had also shown evidence of pulmonary 
tuberculosis, a condition well known to be frequently associated with silicosis 


SUMMARY 


Two cases of a very infrequently reported association of silicosis and bronchogenic car 
cinoma are reported. Various opinions as to the interrelationship of these two disease 
entities are presented, i.e., the concept that silicosis predisposes to bronchogenic carci 
noma; that no causal relationship exists between the two disease entities; and that sili 
cosis constitutes a definite protection against attacks by bronchogenic carcinoma. The 


difficulty of differential diagnosis betwéen bronchogenic carcinoma, silicosis, and pul 


monary tuberculosis is discussed. It is hoped that the presentation of these 2 cases will 
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stimulate further investigation into the association of silicosis and bronchogenic carci- 


noma 


SUMARIO 
Silicosis y Carcinoma Broncégeno 


Preséntanse 2 casos de asociacién de silicosis y carcinoma bronedégeno, que se ve descrita 
muy infrecuentemente. Ofrécense varias opiniones relativas a la interrelacién de estas dos 
entidades patolégicas, a saber, el concepto de que la silicosis predispone al carcinoma 
bronedédgeno; que no existe relacién etiolégica entre las dos entidades morbosas, y que la 
silicosis constituye un resguardo bien definido contra los ataques por el carcinoma broncé 
geno. Se discute la dificultad que entrafia el diagndéstico diferencial entre el carcinoma 
broneégeno, la silicosis y la tuberculosis pulmonar. Espérase que la presentacién de estos 2 
casos incite investigaciones ulteriores de la asociacién de la silicosis y el carcinoma bronceé 


geno 
RESUME 
Silicose et cancer bronchogéne 


Deux cas de l'association trés rarement rapportée de la silicose et du cancer bronchogéne 
sont présentés. Diverses opinions quant a la corrélation entre ces deux entités morbides sont 
présentées, c’est-A-dire la théorie que la silicose prédispose au cancer bronchogéne, qu’il 
n’y a aucun rapport étiologique entre les deux entités morbides, et que la silicose constitue 
une réelle protection contre le cancer bronchogéne. La difficulté du diagnostic différentiel 
entre le cancer bronchogéne, la silicose et la tuberculose pulmonaire est commentée. L’au 
teur espére que la présentation de ces 2 cas provoquera une plus ample investigation de 


l’association de la silicose et du cancer bronchogéne 
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Notes 


8-PROPYLAL-;-BUTYLAL-IMINE 


New Substance Having Inhibitory Effect on Mycobacterium Tuberculosis var. 
Hominis H37Rv 


In 1952 Hirsch and Dubos published an observation on the inhibitory effect of spermine 
in vitro on human and bovine tubercle bacilli.' Later, Hirsch showed that the antimyco- 
bacterial activity is also present on spermidine, but not on a series of structurally related 
amines.? Hirsch also showed that the inhibitory effect is not due to the spermine or spermi- 
dine molecules themselves, but to some unidentified product of their enzymatic transforma- 
tion.*: * Both substances exhibit activity only in the presence of bovine serum albumin 
fraction V, bovine serum, or sheep serum in which the enzyme spermine oxidase is present. 

The efforts of Hirsch to isolate the enzymatic reaction product have been unsuccessful. 
This fact suggests that the active substance has an unstable structure, possibly that of an 
amino-carbonilic compound.* 

As a working hypothesis, the supposition has been that the unidentified active sub- 
stance of Hirsch is actually 8-propylal-y-butylal-imine. This imine-dialdehyde could be 
produced by the action of spermine—oxidase on spermine or spermidine (which have the 
same molar activity against tubercle bacilli). It has been postulated that the sequence of 


reactions could be as follows: 
H,N CH, NH—(CH,),—-NH CH,),;—NH, 
Spermine 
20, 


Spermine oxidase 


8-Propylal-y-but ylal-imine 
2NH 
Spermine oxidase 


H. 


Spermidine 


The above hypothetical sequence of reactions is in agreement with the experimental 
data of Hirsch.‘ According to Hirsch’s data, when spermine oxidase reacts with spermine, 
3 ammonia molecules are produced and 4 oxygen atoms are fixed per mole. When spermine- 
oxidase reacts with spermidine, 2 oxygen atoms are fixed and 2 ammonia molecules are 
evolved per mole 

The former reactions are in accordance with the mode of action of the diamine oxidase 


' Hirscn, J. G., anv Dusos, R. J.: J. Exper. Med., 1952, 96, 191. 

? Hirscn, J. G.: J. Exper. Med., 1953, 97, 323 

* Hrrscu, J. G.: J. Exper. Med., 1953, 97, 327 

‘ Hirsen, J. G.: J. Exper. Med., 1953, 97, 345 

5 Hirscu, J. G. in Ciba Foundation Symposium on Experimental Tuberculosis. Bacillus 
and Host, J. & A. Churchill Ltd., London, 1955. 
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TABLE 1 
Errect or 8-PropyLaL-y-ButyLaL-Imine TeETRAETHYL ACETAL ON THE GROWTH OF 
Mycospacterium TuspercuLosis vaR. Hominits H37Rv 


Tube Number 1 2 3 4 5 6 7 8 9° 


DAL tetraethyl |139.269.6 34.8 17.4 13.05 8.7 4.35 2.17 
acetal concen 
tration in jy 
per ml. 

DAL tetraethyl 48.0/24.0) 12.0 6.0 4.5 3.0 1.5 0.75 
acetal molar 
concentration 


107) 
Growth readings 0 + +44 (444444444444 4444 444444444 
at 14 dayst 0 + +444) +44 4444/4444 4444 4444 4444 


* Growth control tube 
t Visual readings 0 = no growth; + = doubtful growth; ++++ = full growth 


in the presence of catalase as proposed by Zeller.* It has been observed that the fraction V 
from bovine albumin, sheep serum, and bovine serum all have catalase activity,’ an ob 
servation which reinforces the former hypothesis. 

According to the present working hypothesis, the supposed active compound must 
have an activity of 3 X 10~* molar, equivalent to 4.29 y per ml. of culture media. 

The substance 8-propylal-y-butylal-imine, designated DAL (dialdehyde) is very un 
stable (in accordance with Hirsch’s observations*) and can only be liberated in dilute 
solutions, starting with the corresponding tetra acetal. This tetra acetal has been prepared 
according to the following sequence of reactions 


1) CH,=CH—CH=0 + 2C,Hs—OH + Hs) 
2) (C,H,O),CH—CH,—CH,—Cl + KCN 
3) (C,H,O),CH—CH,—CH,—CH,—NH, 
4) + CH,=CH—CH(OC,H 


Triton B 


C:H;O).C H—C H,—CH,—CH, NH—CH, CH,—CH(OC.H 


8-propylal-y-butylal-imine tetraethyl acetal 


The detailed procedure will be published elsewhere 

The DAL tetraethy! acetal’ is a colorless liquid with an odor similar to that of spermine, 
freely soluble in water and giving a strong alkaline reaction. It gives only a slight reaction 
with the Schiff’s reagent for aldehydes.° 

Tests have been made on both the acetal and the DAL, which is liberated from a dilute 
solution of the acetal by acidification and immediate neutralization with sodium bicarbo 


* Zevcier, E. A., in The Enzymes by Sumner, J. B., and Myrbiick, K., Academic Press 
Inc., New York, 1951, vol. 2 p. 546. 
CarvaJsa, G., anp Carvasau, E. J.: Unpublished observation 


* CarvasaL, G., AND Perez, C.: To be published 
’ Mrrenecy, J., Jr. in Organic Analysis, Interscience Publishers, Ine., New York, 1953 
vol. 1 p 285 
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TABLE 2 
Errect or (DAL) on THE GROWTH oF 
Mycopactertum Tupercucosis var. Hominits H37Rv 


Tube Number 


DAL concentration in y» 68.8 ; 2) 12.9 | 8.6 3} 2. 1.07 
per ml 

DAL molar concentration 48.0 24.0 2.0 9.0 6.0 °& 0.75 
(xX lo’ 


Growth readings at 14 0 0 
dayst 0 0 $+ 1444414444 


* Growth control tube 
t Visual readings 0 = no growth; ++++ = full growth 


nate. The results are reported in tables | and 2. The tests for activity were made according 
to the method of Hirsch and Dubos.' 

The data in table | show that the DAL tetraethyl acetal only exhibits activity against 
tubercle bacilli when it is present in a 139.2 y per ml. concentration. It is observed in 
table 2 that, under the experimental conditions of the test, the minimal inhibitory concen 
tration of DAL is 4.3 y per ml. of culture medium. A concentration of 2.15 y per ml. 
still produces some inhibition. 

In order to investigate whether the small inhibition produced by the acetal was due to 
the acetal itself or to the DAL liberated by the dilution, the following experiment was 
made 

Two series of test tubes were set containing the same concentrations of DAL tetraethy! 
acetal that were used in the activity tests. One series was hydrolyzed previously in order to 
have free DAL, treating DAL tetraethyl acetal in solution with concentrated HC! to a 
pH 1.5 and neutralizing with NaHC0, until a pH 7.5 was reached. Both series were treated 
with Schiff’s reagent.’ 

The DAL tetraethy! acetal series with Schiff’s reagent produced a pink color noticeable 
in the tube corresponding to the highest concentration (139.2 y per ml.). This color was 
spectrophotometrically equivalent to that produced between tubes 5 and 6 of the series 
in which DAL was hydrolyzed (concentration of 8.6 and 4.3 y per ml., respectively) 
Tube No. 2 (69.6 y per ml.) showed an intermediate coloration. The rest of the tubes in the 
series of DAL tetraethyl acetal gave only a slightly pink color with less intensity than the 
one produced in the tube with the smaller concentration of DAL (1.07 y per ml.). 

The former results suggest that the activity of DAL tetraethy] acetal is probably due to 
the DAL released by the hydrolysis under the stated conditions 

In summary: The evidence obtained through the experiments described indicates that 
with all probability the substance responsible for the inhibitory effect of spermine (or 
spermidine) against the growth of M. tuberculosis is 8-propylal-y-butylal-imine. Experi 
ments are in progress in which an attempt is being made to affirm or deny this hypothesis 
with certainty. 

LABORATORIO “GERHARD DoMAGK” DE QuUIMIOTERAPIA GUILLERMO CARVAJAL 

EXPERIMENTAL Enepina J. CARVAJAL 
Escveta Nacional pe Crenctas Bro.Léeicas 
ApartTapo Postau N® 19186. 

México 4, D.F. México. 
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PYRAZINAMIDE AND CYCLOSERINE IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS' 


Because of the need for an effective regimen of drugs not already used in treatment 
failures, multiple-drug therapy with pyrazinamide and cycloserine was explored. While an 
assessment of therapeutic efficacy is somewhat unsatisfactory in such cases, it was hoped 
that the effect, if any, of pyrazinamide in delaying the emergence of cycloserine-resistant 
organisms might be determined. Unfortunately, no evidence of this was observed. 


One gram of pyrazinamide was given orally after each meal, the total daily dosage being 
3 gm. Two hundred and fifty milligrams of cycloserine were given by mouth after breakfast 
and supper, totaling 0.5 gm. daily. The treatment of the first patient was begun on Novem- 
ber 15, 1955, and at present 44 patients have received this regimen. All were suffering from 
moderately or far advanced active pulmonary tuberculosis. All but one had tubercle bacilli 
in the sputum and evidence of cavity. Streptomycin, PAS, and isoniazid, surgical procedures 
when feasible, and bed rest had failed to bring about the desired objective. None of the pa 
tients had received cycloserine or pyrazinamide previously 

Treatment was continued for only twelve days in one case and for sixteen in another. It 
has been continued more than one month in 42 cases, more than two months in 40, more than 
four months in 31, more than six months in 24, more than eight months in 8, and more than 


ten months in 3 cases 


Drug toricity: Treatment was stopped in 28 cases. This occurred in 7 due to the de- 
velopment of abnormal liver function tests at one month in 2 patients, and at two, three, 
five, nine, and ten months, respectively, in one patient each. In all instances, the function 
tests returned to normal within a few weeks to a few months. None of the patients de 
veloped jaundice. The incidence of the development of abnormal liver function tests 
associated with pyrazinamide (16 per cent) was about the same in this small group as the 
15 per cent previously reported in a larger series of cases.* 

Gastrointestinal difficulties without evidence of abnormal liver function, but presumably 


due to pyrazinamide, caused the stoppage of treatment in 3 cases at three, seven, and nine 
months, respectively. In one case, treatment was stopped after sixteen days at the time of 


the development of an acute psychosis. Whether or not this was associated with the inges 
tion of pyrazinamide or cycloserine was not determined. In fact, there was no clear-cut 
instance of cycloserine toxicity. 

Miscellaneous reasons for discontinuing the regimen: Treatment was discontinued be- 
cause of no apparent therapeutic result in 4 cases; in a very ill patient at twelve days, and 
in the remainder at five, seven and eight months, respectively. Treatment was stoppe 1 be- 
cause of continuously progressive disease as seen roentgenographically in 4 cases: one at 
three months; 2 at six months, one of whom died of progressive tuberculosis; and one at 
eight months. One other patient died of cor pulmonale after eight months of treatment, but 
without evidence of progressive tuberculosis. Six patients left the hospital against advice; 
one at two months, 2 at three months, 2 at four months, and one at six months. Two others 
received disciplinary discharges at three and eight months, respectively 

Therapeutic results: A review of the roentgenograms taken prior to treatment showed 
the disease to be stationary in 26 cases, progressive in 17, and improving in one. 

The low incidence of significant roentgenographic improvement at two, four, six, and 
eight months (table 1) was as might have been expected in such cases. The high incidence 

' Presented before the Medical Session, as part of Section 1A, at the annual meeting of 
the National Tuberculosis Association, Kansas City, Missouri, May 6, 1957 

? Livines, D. G.: Tr. Fifteenth Conference on Chemotherapy of Tuberculosis, Veterans 
Administration, Army, and Navy, 1956, p. 101 
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TABLE 1 
RoOENTGENOGRAPHIC CHANGE 


Total 

Marked improvement 
Moderate improvement 
Slight improvement 


to 


No change 
Worse 


TABLE 2 
RESISTANCE TO CYCLOSERINE 


Patients with Positive Cultures, Growth Equa! to Control 


Months Pretreatment 1 2 3 
r ml 

ml 

ml 
r mi 


TABLE 3 
RESISTANCE TO CYCLOSERINE 


Patients with Strains of Tubercle Bacilli Which Grew Not Necessarily Equal to Control, 
Showed at Least One-plus Growth 


Months Pretreatment I 


5 y per ml 
10 y per ml 
20 per ml 
50 per ml 


of relapse, 35 per cent at eight months, was disturbing. Altogether, 10 of the 44 patients 
starting treatment (22 per cent) have shown evidence of unfavorable roentgenographic 
change up to the present time while still under treatment. 

Of 43 patients with tubercle bacilli in the sputum before treatment, only 11 have at 


tained noninfectious status* for three consecutive months or longer 


Drug susceptibility studies on cycloserine were performed in dilutions of 5, 10, 20, 50, 
and 100 y per ml. on the majority of the cultures. The levels of resistance found in cultures 
repeated at short intervals and the trend to somewhat higher levels with the passage of 
time were remarkably consistent in individual patients. These resistance data are shown in 
tables 2 and 3 

In table 2 only drug-containing tubes with growth equal to the control were reported. In 
table 3 drug-containing tubes having growth less than the control, but at least 1-plus, 
were recorded. Due to unfortunate and unexpected administrative difficulties, drug 
susceptibility studies were omitted before treatment in some patients and at intervals 
during treatment in others. Thus, the tables show the degree of bacterial resistance en 
countered at different durations of treatment only in a general manner. However, they do 


‘Sputum negative for tubercle bacilli on microscopy and culture 


Months 2 4 6 s 10 
il 30 Ww 8 4 
l 2 
5 2 
7 3 3 
4 7 2 3 
5 y pe 2 
10 y pe 7 l 2 3 l I 
20 » pe 2 3 3 2 3 1 ! 
SD - pe l 
‘ 
2 3 ‘ 7 8 
11 14 5 6 3 3 1 3 
5 5 35 2 2 2 3 2 
2 
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show a trend in the development of increasing cycloserine resistance comparable with that 
occurring in similar cases when cycloserine was given alone.‘ This increase, however, oc- 
curred within narrow limits in that, as yet, no growth has occurred in a concentration of 
100 y of cycloserine per ml. 

A total of 10 patients experienced relapse while under treatment, i. e., showed evidence 
of unfavorable roentgenographic change. These were studied in an attempt to correlate 
this with the level of in vitro bacterial resistance. Six had progressive disease before treat- 
ment. Five of these showed roentgenographic evidence of improvement prior to relapse, 
while in one the unfavorable progression continued. In 4 the disease was stationary before 
treatment. One of the 4 patients showed unfavorable roentgenographic progression in the 
first film one month after starting treatment, while the remaining 3 showed evidence of 
relapse at a much later time. The times of occurrence of unfavorable roentgenographic 
progression after treatment started were as follows: One month—2 cases; two months 
one case; three months—2 cases; si: months—3 cases; seven months—one case; ten 
months—one case. 

In 4 of the 10 cases of relapse, the patients’ tubercle bacilli showed growth equal to the 
control in the culture containing 20 y of cycloserine per ml. At least partial growth in 
cycloserine concentrations of 20 y was present in the strains isolated from 7 patients 
The strain from one patient showed growth in 10 y of cycloserine per ml. In 2 patients 
data on the drug susceptibility of their strains of tubercle bacilli were not available at the 
time of relapse. However, 4 of 29 other patients whose disease did not relapse had tubercle 
bacilli which grew well in cycloserine concentration of 20 y per ml., and the strains from 
9 of 29 patients showed least appreciable growth in this drug concentration. 

From the data in the tables, as well as from consideration of individual patients, it was 
evident that changes in in vitro cycloserine resistance occurred within narrow limits, even 
though clinical results varied considerably. In this group of patients, in vitro cycloserine 
resistance studies did not prove to be clinically useful. 

As stated above, in only 11 of the 43 patients did the sputum remain noninfectious for 
a three-month period on this regimen. In previous investigations of antituberculous drugs 
in similar chronic cases,*: > one of 15 patients who received cycloserine alone became non 
infectious after three months of therapy and none of 4 patients became noninfectious afte: 
receiving pyrazinamide alone. Reversal of infectiousness after four months of therapy oc 
curred in 7 of 21 who received pyrazinamide and PAS, in 2 of 12 who received pyrazina 
mide and streptomycin, and in 24 of 29 who received pyrazinamide and isoniazid 

In summary: Forty-four patients with moderately or far advanced active pulmonary 
tuberculosis which had not been successfully treated received therapy consisting of 3 gm 
of pyrazinamide and 0.5 gm. of cycloserine each day for periods ranging from twelve days 
to more than ten months. Hepatotoxicity associated with pyrazinamide occurred in 15 
per cent of the group. There was no clear-cut instance of toxicity attributable to cyclo 
serine. Unfortunately, it appeared that the combination of pyrazinamide and cycloserine 
was not superior to either cycloserine or pyrazinamide given as single drugs, when judged 


by roentgenographic change, reversal of infectiousness, and delay in the emergence of 


cycloserine-resistant organisms 
VETERANS ADMINISTRATION HOsPITAL WituiaM 8. Scowarrz 
Norto CAROLINA R. E. Moyer 


June 27, 1957 


‘Moyer, R. E., anp Scuwartz, W.S.: Tr. Fifteenth Conference on Chemotherapy of 
Tuberculosis, Veterans Administration, Army, and Navy, 1956, p. 380 
* Scuwartz, W.8., anp Moyer, R. E.: Am. Rev. Tubere., 1954, 70, 413 


THE DELAYED APPEARANCE OF ISONIAZID ANTAGONISM BY 
PYRIDOXINE IN VIVO 


In previous studies in this laboratory,' it was observed that the capability of a relatively 
large dosage of isoniazid to reduce populations of tubercle bacilli in the tissues of mice was 
not diminished by the concurrent administration of pyridoxine for an 84-day period. The 
dosage of pyridoxine employed (0.001 per cent in the diet) was one reported to prevent the 
weight loss which occurs in mice maintained on a pyridoxine-deficient diet. In presenting 
these experiments it was pointed out that the results did not exclude the possibility that 
pyridoxine could antagonize minimally effective doses of isoniazid.' In the experimental 
model used, a 75 per cent reduction of isoniazid dosage would have been readily detect- 
able.* The effects of a lesser reduction in isoniazid dosage or larger doses of pyridoxine 
have not been studied as yet. 

It is not possible, therefore, to exclude completely the possibility that the neuritis- 
preventing action of pyridoxine in man is accomplished at the cost of a loss of some portion 
of the antimicrobial effectiveness of the isoniazid, as initially implied by the in vitro 
observations of Pope.'® For, unless such an isoniazid neutralization were virtually com- 
plete, it is not likely that it would be detectable in patients with pulmonary tuberculosis 
treated on isoniazid-pyridoxine regimens. The reasons for this have been discussed else- 
where and have to do with the relative crudity of our methods for measuring changes in 
pulmonary tuberculosis as an index of drug effectiveness.* In many clinical situations, the 
neutralization of as much as three-quarters of the administered isoniazid would still leave 
an amount of drug available which is capable of producing definite effects on the tubercu 
lous infection. 

Accordingly, it was decided to examine the question of pyridoxine-isoniazid relation 
ships further, using different time-dose relationships for both the isoniazid and the pyri- 
doxine 

The microbial enumeration technique of Fenner, Martin, and Pierce‘ was used in 
these studies. The technique as employed in this laboratory has been described in 
detail elsewhere. In brief, it consists of inoculating large numbers of mice intravenously 
with tubercle bacilli of the H37Rv strain. At planned intervals thereafter, small groups 
of mice are removed or sacrificed from each of the experimental groups. Populations of 
tubercle bacilli in the lungs and the spleens are determined. 

In the present experiments two isoniazid dosages were used: the 0.0125 per cent used 
routinely in this experimental system and employed in the previous experiments' and 
a lower dose, 0.003 per cent in the diet 

Two dosages of pyridoxine were likewise employed: 0.0015 per cent in the diet and 
0.036 per cent in the diet 


As may be seen in figures | and 2, the antimicrobial effectiveness of the low isoniazid dos 
age was not influenced by the low pyridoxine dosage when both substances were adminis- 
tered together for an 54-day period. 

In contrast, when the high dosage of pyridoxine was employed with the high dosage of 
isoniazid, a definite antagonism of the isoniazid effectiveness appeared during the second 
and third months of the 3-month experiment (figures 3 and 4). In the first month, the 
decline in the populations of tubercle bacilli in the lungs and spleens of the animals which 


' Wasz-Hoécxerr, 0., ef al.: Am. Rev. Tuberc., 1956, 74, 471 

? McCung, R., et al.: Am. Rev. Tuberc., 1957, 76, 1106. 

* Deuscuie, K., et al.: Am. Rev. Tuberc., 1954, 70, 228. 

‘ Fenner, F., ef al.: Ann. New York Acad. Sc., 1949, 52, 761. 
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T 


— 


CONTROL 


'SONIAZID 0.003 PER CENT 

24 ~PYRIDOXINE PER CENT 
@—@ Sowazi0 0003 PER CENT PLUS 


PYRIDOXINE PER CENT 


LOG CULTURABLE UNITS TUBERCLE BACILL! (H37RV) PER ML LUNG 


NO CULTURABLE ORGANISMS @% 


Fig. 1. Influence of isoniazid and pyridoxine used singly and together on populations of 


tubercle bacilli (H37Rv) in mouse lungs 
DAYS 10 20 30 40 50 60 70 80 
' T T T 


O—O conrror 
0003 PER CENT 
27 Prrivoxiwe 00015 PER CENT 


@—@ 0.003 PER CENT PLUS 
PYRIDOXINE 0.0015 PER CENT 


LOG CULTURABLE UNITS TUBERCLE BACILLI (HSTRV) PER ML SPLEEN 


Fic. 2. Influence of isoniazid and pyridoxine used singly and together on populations of 


tubercle bacilli (H37Rv) in mouse spleens 
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Prrivoxiwe 0.036 PER CENT 
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PYRIDOXINE 0.036 PER CENT 
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Fic. 3. Influence of isoniazid and pyridoxine used singly and together on populations of 
tubereli bacilli (H37Rv) in mouse lungs 
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received isoniazid followed an identical pattern in the mice which received the high 
dosage of pyridoxine and in those which received no pyridoxine. In both experimental 
groups, the microbial census in the lung fell abruptly during the first 2 weeks and re- 
mained constant during the next 2 weeks. From this point on, the populations of tubercle 
bacilli in the lungs of the mice which received only isoniazid declined steadily, and by the 
end of the experiment (day 84) were below the detectable level in 4 of 6 animals. By con 
trast, the populations stabilized in the lungs of the pyridoxine-isoniazid animals and re 
mained at or slightly above the 2-week level throughout the last two months of the ex 
perimental period. In only one of 6 animals was the population below the detectable level 
at the end of the experiment. 

Characteristically, with the isoniazid dosage employed, the populations of tubercle 
bacilli fall below the detectable level in the lungs of one-third to one-half of the animals; 
but in the spleen the populations remain stabilized above the detectable level despite 
continued isoniazid therapy. This pattern occurs with remarkable consistency.*: ‘ 

In the present experiments, this characteristic pattern in the spleen was observed in all 
of the isoniazid-treated mice which received no pyridoxine and in 3 of the 5 pyridoxine 
treated animals as well (figure 4). In the remaining 2 pyridoxine animals, however, the 
splenic populations of tubercle bacilli were higher and in one case, on day 84, the census 
was as high as in the control animals which had received no isoniazid. In an extensive 
experience with this isoniazid dosage in this experimental model, such a high census of 
tubercle bacilli in the spleen after 84 days of therapy has not been observed. These high 
splenic populations at the eighty-fourth day in the mice which received pyridoxine were 
isoniazid-susceptible in vitro and, therefore, represent drug persistence and not drug 
resistance.” 


Thus, it has been possible to demonstrate that, when very large doses of pyridoxine are 
administered to mice along with large doses of isoniazid, the effectiveness of the isoniazid in 
reducing populations of tubercle bacilli in the tissues is substantially impaired. 

In the particular experimental conditiops which obtained, there was no evidence of 
isoniazid antagonism during the first four weeks of therapy, and the phenomenon ap 
peared only during the last 2 months of a 3-month experiment. Whether the absence of 
evidence of isoniazid antagonism during the first four weeks means that it was not yet 
occurring cannot be stated. With this experimental model, a 75 per cent reduction of iso 
niazid dosage during the first 4 weeks of therapy is readily detectable. Thus, if isoniazid 
antagonism were occurring during these early weeks of therapy, it presumably was not 
neutralizing as much as 75 per cent of the isoniazid. Unfortunately, experience is com 
pletely lacking for this experimental model on the question of the detectability of reduc 
tions of isoniazid dosage of less than 75 per cent. Hence the possibility remains that 
substantial antagonism, but less than 75 per cent, of the isoniazid by the pyridoxine was 
occurring. This possibility is being investigated in appropriate experiments. Also being 
studied is the question of the effect of the large pyridoxine dosage on the smaller isoniazid 
dosage which was not apparently influenced in the present experiments by the smaller 
dosage of pyridoxine. 

The question immediately arises whether the antagonism observed represents a reac 
tion which occurred in or on the tubercle bacilli or a reaction of the two chemicals without 
relation to the tubercle bacilli. In the present experiments, the high dosage of pyridoxine 


* McCune, R. M., Jr., anp Tompsett, R.: J. Exper. Med., 1956, 104, 737 
* McCune, R. M., Jr., et al.: J. Exper. Med., 1956, 104, 763 
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exerted no significant influence on the populations of tubercle bacilli in the mice. Conse- 
quently, it seems more likely that the antagonism represents a mutual involvement of the 
two substances unrelated to the tubercle bacilli rather than independent effects of each on 
the parasite 

There is suggestive evidence from two recent studies that pyridoxine and isoniazid 
might be able to react together in vivo independently of the isoniazid-tubercle bacilli reac- 
tion. In studies of the convulsant effects of large doses of isoniazid in guinea pigs, Manthei’ 
observed that the convulsions could be prevented when sufficient pyridoxine was adminis- 
tered at the same time as the toxic dose of isoniazid. When the same dosage of pyridoxine 
was administered eighteen hours before introduction of the isoniazid, however, the ap- 
pearance of the convulsions was not influenced. 

In studies by Boone, Strang, and Rogers* at Los Alamos, the subject of direct chemical 
reactions between isoniazid and pyridoxal’ has been investigated in detail by the use of 
isotopically labeled isoniazid. These investigators were able to reverse the antimicro- 
bial action of isoniazid on M. tuberculosis (H37Rv) in vitro by the addition of pyridoxal. 
They were able to show further that the reaction was highly specific, e.g. was not produced 
with pyridoxine in vitro, and resulted from an interaction of pyridoxal and isoniazid which 
occurred equally in the presence or in the absence of tubercle bacilli. They postulate the 
formation of pyridoxal isonicotinoy! hydrazone as an intermediary compound. Unfor- 
tunately, this compound is known to be highly unstable, and Boone and her associates 
were not able to demonstrate its presence in their system. Judging from other experience 
with the hydrazones of isonicotinic acid, however, the antituberculous activity of the 
pyridoxal hydrazone would be considerably less than isoniazid on a weight-for-weight 
basis. Indeed, it might conceivably depend upon the release of isoniazid in its breakdown 
to exert significant antituberculous activity. 

It is obviously not possible to determine as yet whether the antagonism of isoniazid by 
the administration of pyridoxine to the animals in the present experiments proceeds by the 
direct pyridoxal-isoniazid reaction so clearly demonstrated in vitro by Boone and her asso- 
ciates; but the possibility seems highly likely. It is to be hoped that the question can be 
studied in vivo by determination of the various breakdown products characterized by the 
Los Alamos investigators for the reaction in vitro. 

It should be emphasized that the results of the present studies and the other two studies 
cited do not provide 2 complete basis for a reasonably precise understanding of what goes 


on in man when pyridoxine is administered along with isoniazid. In the present studies an 


exceedingly large dosage of pyridoxine was employed in the experiments in which the 
effects were noted, and no effects were noted when a much smaller dosage of pyridoxine 
was used with a small dosage of isoniazid. This indicates that the time-dose relationships 
of both the pyridoxine and the isoniazid are of considerable importance in this relationship, 
and further studies are in progress in an attempt to define these time-dose relationships 
with greater precision. It is already apparent, however, from the fragmentary information 
available that the situation with respect to pyridoxine and isoniazid may be quite a 


complicated one 


It appears that both certain tissues and isoniazid have an affinity for pyridoxal 
When isoniazid is administered without added pyridoxine the tissues presumably 


’ Mantuel, R. W.: Proc. Soc. Exper. Biol. & Med., 1957, 95, 402 
* Boone, I. U., et al.: Am. Rev. Tuberc., 1957, 76, 568 

* The metabolically active form of pyridoxine 

” Pore, H.: Am. Rev. Tuberc., 1953, 68, 938 
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become depleted and neurotoxicity may appear. This suggests that the affinity of 
pyridoxal for isoniazid is greater than its affinity for whatever reactions it is involved 
with in the tissues. Yet, when the isoniazid administration is accompanied by sufficient 
added pyridoxine, the peripheral neuritis does not appear. Does this mean that there 
is a ceiling to the amount of isoniazid which can combine with pyridoxal and that, if 
peripheral neuritis fails to occur, i.e. no tissue depletion, it means that an excess of 
pyridoxal over that which can be involved directly with the isoniazid has been present? 
The situation becomes further complicated if the intermediate stage of a pyridoxal- 
isoniazid reaction consists of the formation of pyridoxal-isonicotinoyl hydrazone as 
suggested by Boone and her associates; for this compound would be unstable and would 
be expected to release unknown quantities of free isoniazid. When the known individual 
variation in the neutralization of isoniazid by acetylation is viewed against this back- 
ground of the pyridoxine-isoniazid situation, it may be seen that estimates of the 
amount of isoniazid actually available for antimicrobial purposes ina particular patient 
may be quite wide of the mark in the presence of added pyridoxine. 


What the results of the present studies do indicate is that it cannot be safely assumed 
that the total isoniazid available for antimicrobial purposes in a particular patient remains 
uninfluenced by the concomitant administration of pyridoxine. This is not to say that the 
use of pyridoxine in clinical practice is necessarily unwise. It may be deemed important 
for other reasons to attempt to prevent isoniazid-treated patients from developing pyridox- 
ine deficiency. Moreover, it may be possible that very large doses of free isoniazid can be 
made available in the tissues with safety, provided that the tissues have received sufficient 
pyridoxal. Nevertheless, the possibility is real that the neuritis-preventing effect of pyri- 
doxine administration is accomplished simply by reducing the amount of free isoniazid 
available for both therapeutic and toxic effects within the animal. 

In summary: It has been observed that the administration of very large doses of pyri- 
doxine along with relatively large doses of isoniazid to mice infected with tubercle bacilli 
antagonizes the antituberculous effect of the isoniazid during the last two months of a 
3-month experiment. No antagonism was observed when smaller doses of pyridoxine were 
administered along with a smaller dose of isoniazid. The results are compatible with the 
hypothesis that the direct pyridoxal-isoniazid reaction demonstrated in vitro by Boone, 


Strang, and Rogers also occurs in vivo. 
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INEFFECTIVENESS OF ISONIAZID IN MODIFYING THE PHENOMENON 
OF MICROBIAL PERSISTENCE' 


Microbial persistence is the phenomenon whereby otherwise drug-susceptible micro- 
organisms have the capacity to survive indefinitely within mammalian tissues despite 
continued exposure to the appropriate drug or drugs. The phenomenon is widespread 
among various microbial species and has recently been reviewed in detail by one of the 
present writers.? In previous studies in this laboratory it was observed that the phenome- 
non of microbial persistence occurred uniformly with ten antimicrobial drugs* known or 
reported to have antituberculous activity in vivo. Among the ten drugs studied were all 
those used frequently in clinical practice and they were used singly, in various pairs, and 
in some cases in triple-drug regimens.‘ Even the administration of pyrazinamide and a 
companion drug, a chemotherapy which rendered the tuberculous infection truly latent, 
i.e., hidden beyond the limits of diagnostic reach, did not abolish the phenomenon of 
microbial persistence.’ In general, in the studies cited, the various drugs used were 
administered in large daily dosages; in the case of isoniazid, the daily dose would cor- 
respond to IS to 24 mg. per kg. Nevertheless, the possibility remained that microbial 
persistence might be eliminated if extraordinarily large doses of the most powerful single 
drug, isoniazid, were employed. Accordingly, this possibility was studied in experiments 


which form the basis of the present report. 


The experimental model employed has been described elsewhere in detail‘ and is 
based on the use of the microbial enumeration technique of Fenner, Martin, and Pierce.* 
In its essentials, the procedure consists of infecting large numbers of mice (male albino 
Webster Swiss strain) by the intravenous route with a strain of tubercle bacilli 
of human origin (M. tuberculosis H37Rv). In the present studies, infection was carried 
out by intravenous inoculation with 0.2 ml. of a 10 dilution of culture in 0.1 per cent 
bovine albumin. Immediately after infection the animals were assigned to various 
experimental groups. At appropriate intervals after the start of infection, 3 or more 
mice were removed from each group and sacrificed. The lungs and spleens were homog 
enized and cultured by quantitative techniques. The results are expressed as culturable 


units per ml. of homogenized tissue and the exact procedures used in enumerating the 
microbial colonies and the calculations involved are described in a previous report.‘ 
The isoniazid was administered in the diet by the thorough mixing of finely 


This study was supported in part by grants from the American Trudeau Society, Medi 
cal Section of the National Tuberculosis Association (a special bequest from the Estate of 
Sophie Goman); Research Grant E-635, National Institute of Allergy and Infectious Dis 
eases, National Institutes of Health, Public Health Service; The Max C. Fleischmann 
Foundation of Nevada; and Mrs. Samuel Milbank 

* McDermorr, W.: Microbial Persistence: Alpha Kappa Kappa 1957 Lecture, Yale 
J. Biol. & Med. (in press) 

' The ten drugs were: isoniazid, streptomycin, para-aminosalicylic acid, pyrazinamide, 
nicotinamide, 4-butoxy-4’ (dimethylamino) thiocarbanilide, p-isobutoxybenzaldehyde 
thiosemicarbazone, 2-(o-(2-diethylaminoethoxy) anilinol)-N-(p-tolyl)l, 4-naphthto-quino 
neimine monocitrate, thioisonicotinamide, and hinconstarch. Since that time two additional 
drugs, cycloserine and streptovaricin, have been studied and fail to alter the phenomenon 
of microbial persistence 

McCune, R. M., Jr., anp Tompsert, R.: J. Exper. Med., 1956, 104, 737 

* McCune, R. M., Jr., et al.: J. Exper. Med., 1956, 104, 763. 

* Fenner, F., ef al.: Ann. New York Acad. Sc., 1949, 52, 761 
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NOTES 


CONTROL 

ISONIAZID 0.003 PER CENT 
ISONIAZID 0.0125 PER CENT 
ISONIAZID 0.0625 PER CENT 


LOG CULTURABLE UNITS TUBERCLE BACILLI (H37RV) PER ML LUNG 


Fig. 1. Influence of various dosages of isoniazid on populations of tubercle bacilli (H37Rv 
in mouse lungs during 84 days of therapy. The curve for the smallest isoniazid dosage (0.003 
per cent in diet) is reproduced from the preceding experiments’ for comparison 


ground pellets of diet with amorphous drug in a McLellan dry batch mixer. In every 
case, the chemotherapy was started on the day of infection 

The isoniazid dosages studied were: 0.003 per cent; 0.0125 per cent; and 0.0625 per 
cent in the daily diet. The effects of a smaller dose of isoniazid (0.003 per cent in the 
diet) observed in another recent experiment’ are also included in the figures for com 
parison. Such a comparison is permissible in view of the constant reproducibility of 
the population curves during chemotherapy in the experimental model emploved 


The influence of the different isoniazid dosages on the populations of tubercle bacilli 
in the lungs and spleens of the infected mice may be seen in figures 1 and 2. 

In the lungs (figure 1) of the untreated animals, the populations of tubercle bacilli rose 
steadily during the first two weeks of the infection and remained high for the remainder of 
the 84-day period of observation 

In the treated animals, the microbial population fell promptly and continued to decline 
throughout the first four weeks. From that point on, in the animals which received the 
two largest isoniazid dosages, the populations of tubercle bacilli in most of the lungs were 
below the level of detectability.s In some of these animals, however, tubercle bacilli were 
present in the lungs at the completion of the 84-day period of therapy. There was no sig 
nificant difference in population trends between the animals that received the intermediate 


dosage of isoniazid, customarily employed in this experimental model, or the animals 
which received a fivefold greater dosage of the drug. The latter dosage would correspond 
to approximately 100 mg. of isoniazid per kg. of body weight 


McCune, R., et al.: Am. Rev. Tuberc., 1957, 76, 1100 
* With the techniques employed in these particular experiments, it was theoretically 
possible to detect 70 to 90 culturable units per total organ 
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O—O contro. 

0.003 PER cent 
0.0125 PER CENT 
@—@ 'sowiazio 0.0625 PER cent 


LOG CULTURABLE UNITS TUBERCLE BACILLI (H37RV) PER ML SPLEEJ 


NO CULTURABLE ORGANISMS 


Fig. 2. Influence of various dosages of isoniazid on populations of tubercle bacilli (H37Rv 
in mouse spleens during 84 days of therapy. The curve for the smallest isoniazid dosage 
0.003 per cent in diet) is reproduced from the preceding experiments’ for comparison 


In the lungs of animals which received the smallest isoniazid dosage (approximately 
one-fourth of the customarily en ployed intermediate dosage) observed in the preceding 
experiments,’ the microbial population stabilized after the initial four weeks’ decline, and 
the census remained constant throughout the remainder of the 84-day period of therapy 
The extent of the reduction of these populations under the influence of the smallest dose 
of isoniazid was identical to the population decline previously observed for streptomycin- 
PAS in the same experimental system.‘ In crude terms, this low-dosage of 0.003 per cent 
in the diet corresponds to 4 to 6 mg. of isoniazid per kg., and the daily streptomycin 
dosage employed (4 mg. per 20 gm. mouse) would correspond to a dosage of 200 mg. of 
streptomycin per kg. 

In the spleens of the untreated animals (figure 2) the characteristic early rise occurred 
in the census with slight fall and then stabilization for the remainder of the 84-day period. 
Under the influence of the two larger dosages of isoniazid, the microbial populations in the 
spleen likewise behaved as in previous experiments.*: * A steady fall occurred during the 
first two weeks with only a slow decline in census thereafter. In the animals which re- 
ceived the smallest isoniazid dosage, the splenic populations of tubercle bacilli likewise fell. 
The initial decline was not as steep, however, and the microbial census at the end of the 


experiment was significantly higher than in the animals that had received the larger dos 


ages 

Irrespective of dosage, tubercle bacilli were able to persist in the spleens of all of the 
animals throughout the entire 84-day period of isoniazid administration. 

In a repetition of these experiments, the results at 90 days were similar to those pre 
sented in figures | and 2. Moreover, drug-susceptibility tests of populations of tubercle 
bacilli which survived on all three isoniazid regimens demonstrated that the persisting 
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microorganisms were not drug resistant in the usual sense. This is in accord with an ex- 
tensive previous experience with the use of isoniazid in this experimental model.?: ‘ 


From these observations it may be seen that increasing an effective dosage of isoniazid 
by fourfold resulted in still greater effectiveness in terms of the reduction of populations 
of tubercle bacilli in the tissues of mice. Even a fivefold further increase in dosage (to ap- 
proximately 100 mg. per kg.), however, did not influence the phenomenon of microbial 
persistence displayed by the tubercle bacilli. These findings were to be expected and are in 
accord with the experience with other microbial species end other drugs.? There is a range 
within which increases in drug dosage produce increased effects, but a limit is soon reached 
and above that limit further increments of drug dosage serve no useful purpose. The upper 
limit of the range represents the familiar abstract concept of a maximal effective drug 
concentration for a particular drug-parasite interreaction 

An isoniazid dosage crudely equivalent to 5 or 6 mg. per kg. was less than the maximal 
effective dosage. It is not possible to relate the degree of relevance of this finding to the 
situation in man. The mouse system employed has provided information that has shown 
an excellent correlation with the relative merits of the various antituberculous drugs in 
man. In terms of absolute values, however, a high degree of caution is necessary, for the 
opinion is prevalent that appreciably larger doses of an antituberculous drug are required 
to produce a satisfactory degree of effectiveness in the mouse than in man. In actuality, 
as is well known, except for penicillin, the maximal daily dosages of the antimicrobials in 
current clinical use are largely determined by considerations of drug toxicity. And, with 
but a few apparent exceptions,’ it is not possible to uniformly rid the host completely of 


a population of drug-susceptible microbes by the administration of the appropriate anti- 


microbial drug in any tolerable dosage 

In summary: The phenomenon of microbial persistence previously demonstrated for 
tubercle bacilli in mice treated with large doses of isoniazid (18 to 24 mg. per kg.)* was 
likewise displayed throughout an 84-day period when the animals received a fivefold in 


crease in isoniazid dosage 
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* McDermott, W., in Bacterial and Mycotic Infections of Man, edited by R. J. Dubos, 
J. B. Lippinoett Co., ed. 2, Philadelphia, Pennsylvania, 1952 


PROBLEMS IN LABORATORY DIAGNOSIS OF TUBERCULOSIS 


To the Editor of the American Review of Tuberculosis and Pulmonary Diseases: 


Animal inoculation demonstrates the presence of virulent tubercle bacilli, but isoni- 
azid-resistant variants with attenuated virulence and other pathogenic mycobacteria, 
such as the photochromogenic strains, may not produce progressive lesions in guinea 
pigs. Specific virulence for different hosts, long accepted as the acid test for differentiat- 
ing human from bovine or avian bacilli, may now require additional qualification. 

Preferential growth on particular culture media, particularly on media containing 
glycerin or on Besredka’s liquid egg yolk medium, the change in pH during growth, the 
Theobald Smith curve,' or the greater presence of niacin in human than in bovine bacilli? 
are particularly useful for the differentiation of human from bovine tubercle bacilli with 
attenuated virulence, such as BCG. Typical avian tubercle bacilli may also be distin- 
guished by their complete resistance to bacteriophage D29, which lyses all mammalian 
tubercle bacilli. The greater natural resistance of bovine cultures, and especially of avian 
strains to PAS and thiosemicarbazone* may also aid in their recognition. 

The length of time required for the cultural determination of resistance of tubercle 
bacilli to chemotherapeutic agents, the inaccuracy and inconsistencies in the results, and 
the inability to detect susceptible bacilli in the presence of many resistant organisms 
militate against the wider use and reliance on these cultural tests in clinical practice. It 
has recently been found® that all isoniazid-resistant mycobacteria are deficient in the 
enzyme peroxidase, which is found in all isoniazid-susceptible mycobacteria. This has 
made possible the rapid, reliable, and precise determination of the presence and propor- 
tions of such organisms. The absence of catalase* in highly isoniazid-resistant tubercle 
bacilli of attentuated virulence is also readily observed. 

The peroxidase test may be simply performed by covering cultures on solid media with 
equal amounts of 0.2 percent catechol and | percent hydrogen peroxide. Catalase-positive 
colonies then emit bubbles of oxygen within a few minutes while peroxidase-positive 
colonies show a gradual brownish discoloration, which is clearly readable within an hour 
The number of colonies of resistant and of susceptible tubercle bacilli may be counted, if 
separate colonies are visible, or the relative proportion may be noted on confluent growths. 
Isoniazid-susceptible colonies give off gas bubbles and turn brown or black. Colonies 
which have developed some isoniazid resistance, usually to low concentrations only, but 
are still virulent for guinea pigs are catalase positive, give off gas bubbles but remain with- 
out change in color, while colonies of organisms resistant to isoniazid (usually to high 
amounts) which have lost the ability to produce progressive tuberculosis in guinea pigs 
remain without either giving off gas bubbles or changing in color. Thus, a few susceptible 
colonies may be recognized readily even in the midst of innumerable resistant ones. 

Comparison of this chemical test with a large number of cultures tested by the usual 
indirect culture resistance tests at Olive View have recently confirmed these findings. 


| Wacener, K., anp Mrrscueruicn, E.: Zentralbl. f. Bakt., Abt. 1, 1951, 157, 87 
? Konno, K.: Science, 1956, 124, 985 

*Witi, D. W.: et al. Am. Rev. Tubere., 1957, 76, 435 

‘ Dsane, A. H. K., et al.: Dis. of Chest, 1952, 22, 458. 

TrRUNARAYANAN, M. D., anp Viscner, W. A.: Am. Rev. Tuberc... 1957, 75, 62 
® Mipp_esrook, G.: Am. Rev. Tuberc., 1954, 69, 471 
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CORRESPONDENCE 


The Olive View bacteriology laboratory routinely reports: the number of acid-fast bacilli 
found in the concentrated sediment of microscopically positive sputum; later, the number 
of colonies or amount of growth on cultures inoculated with such sediments; and, still 
later, whether the bacilli occasionally, partially, or apparently grew completely on medium 
containing 1 mg. of isoniazid per ml., 10 mg. of streptomycin per ml., or 10 mg. of PAS 
per ml. In addition, the laboratory now reports the results of peroxidase and catalase 
tests on the initial isolate or control cultures. 

These reports may then be interpreted as follows: Catalase positive, peroxidase-positive 
colonies are susceptible to isoniazid and are virulent. Catalase-positive, peroxidase-nega- 
tive colonies are resistant to isoniazid, at least in low concentrations, and may still be 
virulent for guinea pigs. Catalase-negative, peroxidase-negative colonies are resistant 
to isoniazid, even in high concentrations, and are attenuated in virulence for guinea pigs. 
Catalase-positive, occasionally peroxidase-negative colonies are generally susceptible, but 
some isoniazid-resistant ones are present. Catalase-positive, partially peroxidase-negative 
colonies are generally resistant but some isoniazid-susceptible bacilli are present. 

Resistance of tubercle bacilli to isoniazid is not necessarily linked with resistance of 
such cultures to streptemycin, PAS, Conteben®, thiosemicarbazone, or other independent 
agents. Thus, after unsuccessful treatment with one of these agents, organisms which 
have become resistant to it may still be susceptible to the others. The very conditions 
which have led to the development of resistance to one agent, however, such as the large 
number of bacilli present in an open cavity or interruptions in treatment, are apt to lead 
to the development of resistance to other agents when these are used successively or 
even to a lesser extent simultaneously. 

The ease of its administration, economy, and efficacy in most cases have led to the wide- 
spread use of isoniazid as the first drug of choice in the treatment of tuberculosis. The 
early tendency to withhold it for possible use if other agents fail has been succeeded by a 
general tendency to make it one of the components in the initial regimen adopted. In 
patients receiving single drugs, resistance to isoniazid develops more frequently and 
rapidly than it does to other agents. Even in cultures obtained from previously untreated 
patients, variants resistant to isoniazid are more frequent than are the variants resistant 
to streptomycin or other agents. 

Among a thousand consecutive positive cultures which had been tested for resistance 
at the Olive View Sanatorium during 1956, resistance to isoniazid was found in more than 
15 per cent, to streptomycin in 10 per cent, and to PAS in only 4 per cent of these cultures. 

Cultures which were susceptible to isoniazid were rarely found to be resistant to either 
streptomycin or PAS, while more than half of those which were resistant to isoniazid 
were also resistant to one of the other agents. Among those which were resistant to higher 
concentrations of isoniazid, the incidence of resistance to other agents was even greater. 
Accordingly, for patients who have been treated only with regimens containing isoniazid, 
routine resistance tests are omitted on the cultures which give a positive peroxidase test, 
that is, which are susceptible to isoniazid, as they may generally be expected to be sus- 
ceptible to the other agents also. The tests are performed on all of the cultures which give 
a negative peroxidase test, as a large porportion of these are resistant to other agents as 
well as to isoniazid. This resulting reduction in the labor of the laboratory allows time for 
more complete tests on the cultures when further study is indicated, and further investi- 
gation of the instances when clinical and laboratory findings disagree. 
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American Trudeau Society 


Medical Section of the National Tuberculosis Association 


The Award of the Trudeau Medal for 1957 


The Trudeau Medal for 1957 was awarded to Dr. David T. Smith at the annual meeting of 
the National Tuberculosis Association, held in Kansas City, Missouri, May 5-10, 
1957. The presentation was made by Dr. H. Stuart Willis. 


Dr. Wriuts: The subject—the character, his friends might say—selected by the 
Trudeau Medal Committee this year was born near the turn of the century on a farm. 
In high school he developed a penchant for collecting and processing: he classified butter- 
flies, mounted birds—which habit may be reflected as a carryover in his professional life. 

In college, activities of the literary society and debating team absorbed much of his 
extracurricular interest and led to participation in intercollegiate debates during his 
junior and senior years; but throughout this time, biology, carried then rather as a hobby, 
finally dominated and projected him into medical school. 

To this farmer by instinct, growth of bacteria and growth of living cells in tissue culture 
came sort of naturally, with the result that three papers were written by him (and his 
collaborators) during medical school days. These dealt chiefly with tissue cultures in which 
phenomena of phagocytosis and destruction of bacteria stood as targets. One of these 
concerned the tubercle bacillus. 

During his medical school vears the problems of growing children claimed more of his 
interest than growth problems encountered in the cultivation of bacteria and led to an 
internship in pediatrics. This allowed opportunity for carrying on bacterial studies with 
clinical implication and produced papers on staphylococcal septicemia, impetigo, and 
otitis media. 

The old yearning to deal with bacteria brought an appointment to one of the nation’s 
leading institutions for medical research which he entered enthusiastically, his young 
wife meantime doing graduate work in chemistry. But before the first year misfortune 
befell, and the appointment was abruptly terminated when the tubercle bacillus struck 
dramatically by producing pulmonary hemorrhage from moderately advanced tuber 
culosis. 

The logical consequences ensued: a year or so of treatment in a sanatorium; a conva- 
lescence which allowed part-time work in the laboratory—work on the alveolar phagocyte 
and on cellular response to intraperitoneal implantation of tubercle bacilli. This was 
carried out under the tutelage of a man who subsequently received the Trudeau Medal 
and finally he received an appointment to the directorship of the laboratory in a neigh- 
boring sanatorium. 

A pattern of studies began at this time which has marked many of his subsequent con 
tributions: efforts to learn the etiology of several pulmonary diseases, including bron- 
chiectasis and abscess of the lung; attention to the then rare fungal diseases; studies on 
the relation of Vitamin C to intestinal tuberculosis in the animal. He developed a first- 
class tuberculosis laboratory for both routine work and research endeavors and carried it 
to a high degree of efficiency. Initiated by him in this setup and carried to completion by 
fellow workers was a series of basic studies on immunity to tuberculosis, including the 
natural response of the body to the bacillus and its protein, and the reaction of the sensi- 
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tized animal to these substances in various tissues and organs of the body. The work was 
featured particularly by presentation of tuberculin pneumonia, its production, its course, 
its effects, and its resolution. 

Five years in this assignment, and then he went academic. He accepted appointment 
as professor of bacteriology in a medical school whence came in succession (and frequently 
with fellow workers) a skin test for blastomycosis and description of a therapeutic ma- 
neuver of great value in this disease; sulfadiazine therapy for nocardiosis; synthesis of the 
B complex vitamins by the tubercle bacillus; basic studies on the use of corticotropin 
with chemotherapy for the tuberculous. Also there has been an occasional treatise on 
clinical aspects of primary tuberculosis with special reference to the diagnostic problems 
it presents—this, as well as an occasional venture into the epidemiologic aspects of the 
disease. The list of contributions has been augmented and embellished through the publi- 
cation of two books: one written by him alone and one with co-authors. Also he is currently 
senior editor of a leading textbook. One hundred and forty items stand in his bibliography, 
indicating at least, Sir, a display of considerable erudition and energy. 

His counsel has been helpful in policy matters of the National Tuberculosis Associa- 
tion. 

By now, Mr. President, you have divined the designated person. He is lively, friendly 
in manner, thoughtful and constructive in mind—a student, scientist, and ready story 
teller. More specifically he stands as a product of South Carolina, Furman \University, 
the Johns Hopkins University School of Medicine, The Rockefeller Institute, Trudeau 
Sanatorium, Saranac Laboratory, Ray Brook Sanatorium, and Duke University, With 
Tennyson (in his paraphrasing of Virgil) our subject might well say, “I am a part of all 
that I have met,” and add, “All this has become a part of me.” The committee gives you 
David T. Smith. 

Dr. Smrru: I am overwhelmed by this honor. I feel both proud and humble at the 
same time. I feel proud because to a worker in tuberculosis in this country this is the 
greatest honor that could ever come. I feel humble because I know that there are at least 
twenty active workers in the field of tuberculosis within this organization who deserve 
this medal more than I. 

Instead of following the recent custom of reviewing some of my own work with you, 
I have decided to talk to you a little bit about the work of the Dr. Trudeau for whom 
the medal is named. I doubt if many of you realize just what a remarkable research man 
Dr. Trudeau was, not only for his time and his handicaps, but by any standards that you 
wish to propose. I have here a copy of his autobiography and one of his reprints dated 
1903, the year before the National Tuberculosis Association was founded. 

The subject of this reprint is “Artificial Immunity in Experimental Tuberculosis.” 
The history of this reprint is also of historic importance. Originally belonging to Dr. 
Allen K. Krause, a former Trudeau medalist, it passed from Dr. Krause to Dr. Stuart 
Willis and was finally lent to me, for this occasion, by Dr. Willis. Dr. Trudeau, as you 
know, started his sanatorium work on the empirical basis of treating patients with fresh 
air, good food, and rest before Koch discovered the tubercle bacillus in 1883. Trudeau 
immediately decided to confirm Koch’s work and grow the bacilli for himself. To do this, 
he had to learn how to make bacteriologic media; he had to invent his own incubator 
which he heated with an oil lamp; and he had to acquire the skill of regulating the amount 
of heat by the amount he turned up the wick every night before he went to bed. Never- 
theless, he succeeded in growing tubercle bacilli, the first grown in the Western Hemi- 
sphere. 

What he did with the first cultures is also illustrative of the man. He sent some down 
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to New York and he sent some to Johns Hopkins so that the medical students could see 
with their own eyes this little organism which caused tuberculosis. The next thing he 
did with his cultures was to inoculate animals and see if he could kill the germs in the 
animal with creosote, carbolic acid, and all the other known antiseptics. He soon came to 
a very sound conclusion: “the tubercle bacilli bore cheerfully a degree of medication which 
proved fatal to the host.” I do not think that he ever experimented with chemotherapy 
any more because he realized that he would be wasting his time until more fundamental 
knowledge had been acquired. And you know, that has come about only in the last ten 
years. The next thing he attempted to do was also illustrative of what a remarkable mind 
Trudeau had. I want to read one page here for you: 


But as I was busy all this time working out application of the new method of 
treatment in pulmonary tuberculosis on patients at the sanatorium, I naturally 
began to wonder, if tuberculosis was a germ disease and the germs had already 
gained access to the body, how could a change of climate, rest, fresh air, and food 
influence the disease. In seeking an experimental answer to this question, I de 
cided on the following experiment: Lot 1, 5 rabbits were inoculated with pure cul- 
tures and put under the best surroundings of light, food, air, attainable. Lot 2, 5 
rabbits inoculated the same time and the same way, were put under the worst con- 
ditions of environment I could devise. Lot 3, 5 rabbits were put under similar 
bad conditions without being inoculated. 


Now his good conditions for Lot 1 were as follows: 


I turned these animals loose on a small island in front of my camp at Paul 
Smith's where they ran wild all summer in the fresh air and sunshine and were 
provided with abundant food. Lot 2 and 3 were put in a dark, damp place where 
the air was bad, confined in a small box and fed insufficiently. The results showed 
that of the rabbits allowed to run wild under good conditions, all, with one excep- 
tion, recovered. Of Lot 2, the same as Lot 1 but put under unfavorable surround 
ings, 4 rabbits died within three months and the organs showed extensive tuber- 
culosis. Lot 3, uninoculated animals were killed and though emaciated they showed 
no tuberculous disease. This showed me conclusively that bad surroundings of 
themselves could not produce tuberculosis and that when once a germ had gained 
access to the body the course of the disease was greatly influenced by a favorable 
or an unfavorable environment. 

The essence of sanatorium treatment was a favorable environment, so far as 
climate, fresh air, food and the regulation of the patient's habits were concerned, 
and I felt greatly encouraged as to the soundness of the method of treatment the 
sanatorium represented, even though it did not aim directly at the destruction of 


the germ 


Trudeau was elected a member of the Climatological Association the year after this 
work was done in 1886 and also to the American Association of Physicians. He decided 
to present in the following year his results on these rabbit experiments in Baltimore at 
the meeting of the Association. He had never presented a paper at a medical society be- 
fore and he admitted he was scared and, as the time approached for him to give the paper 
he became more and more frightened. When he became short of breath, Dr. Loomis 
decided he had better get a little fresh air. Trudeau waited too long, for as he stepped 
out of the room he fell into a faint and he came to only to hear Dr. Loomis reading his 
paper. ““The paper was well received,” so Trudeau reported. He himself resolved never to 
give another paper, but his work was so interesting and he felt the necessity of transmit- 
ting it to his colleagues, so that we find him back giving papers, including his famous 
presidential address. 
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In this reprint, which was published in 1903, he reports nearly ten years of study with 
the tubercle bacillus. He reports that he first tried to make a vaccine by killing the or- 
ganism with heat or with antiseptics, but no appreciable degree of immunity was achieved. 
The same results had been obtained in Europe. Still convinced that an active vaccination 
was the essential mechanism for increasing immunity against tuberculosis, he obtained 
partial resistance in rabbits to avian tuberculosis by inoculating them subcutaneously 
with small doses of living avian culture. In 1891 he began his extraordinary series of ex- 
periments which laid the foundation for subsequent work with attentuated cultures. In 
that year he isolated a culture of human tubercle bacillus from a patient dead of miliary 
tuberculosis. This organism was designated R,, just to keep the laboratory records 
straight. It was fully virulent for guinea pigs and rabbits for the first two years after it 
was isolated. After two years on artifical media something began to happen to the viru- 
lence of the culture. It lost its virulence for rabbits but would still produce extensive 
disease in guinea pigs. After six more years in artifical media it would no longer kill guinea 
pigs but would produce some disease, and after a total of about ten years it had reached 
the low degree of virulence which it has maintained up to this date. Dr. Willis is now 
actively engaged in re-evaluating this R, as a possible substitute vaccine for BCG. So 
you see Trudeau way ahead of Calmette and Guérin in laying the foundation for attenu- 
ated organisms which would produce active immunity in animals, although Trudeau was 
a little hesitant to carry it to the point of injecting people. 

The two great students of tuberculosis in this country were Trudeau and Theobald 
Smith. Theobald Smith was interested mainly in bovine tuberculosis and indeed isolated 
it and differentiated it from the human, Koch having thought there was only one kind. 
It is very appropriate, if you will look in your list of the Trudeau awards, that Theobald 
Smith received the first of the Trudeau medals. It is also interesting that the second 
Trudeau medal went to E. R. Baldwin, and I want to read from this reprint of 1903 the 
acknowledgements by Trudeau. Only the year before, Dr. Kinghorn and Dr. Baldwin had 
arrived in Saranac with tuberculosis. They were supposed to go into the sanatorium, but 
Trudeau admits, and Dr. Baldwin confirmed it, that when Trudeau saw them he said, 
“T need you in the laboratory.” So they “cured” their tuberculosis working in the lab- 
oratory. The acknowledgement in the reprint is as follows: ““My acknowledgements are 
due to Dr. Hugh M. Kinghorn and to Dr. E. R. Baldwin for valuable assistance in carry 
ing out these experiments.”” Now the second winner of the Trudeau medal was this young 
man, E. R. Baldwin. When Trudeau became president of the National Tuberculosis 
Association—and this I had not appreciated until I re-read his autobiography—he already 
had behind him twenty vears of solid experimental and clinical work with tuberculosis, 
and he was really at the height of his powers. In his presidential address he emphasized 
research, but he equally emphasized education, or what we now call program and case 
finding. We must admit that the great progress in the control of tuberculosis has resulted 
from the case finding and the sanatorium building, plus the raising of the standard of 
living, which we will translate roughly into what he found when he put those rabbits on 
a little island where there was plenty of sunshine, plenty of fresh green grass, and nobody 
to bother them. So the combination of increased improvement in economic conditions, 
environmental conditions, plus the prevention of infection by isolation is really accom 
plishing the job, although you see Trudeau visualized both chemotherapy and active 


immunization as supplementary methods of control. 

Now I am almost through, but I do want to say just a word or two about progress in 
the fifty-two years since Trudeau’s address. We have learned some things, but there are 
more things left unsolved than we have solved. I mention only a few. We do not have the 
foggiest notion what is the real mechanism by which a virulent bacillus invades and 
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maintains itself in the body. We know that tuberculin which was made by Koch as a 
therapeutic agent has become an important diagnostic agent. We know that the names of 
two of our Trudeau medalists, Dr. Long and Dr. Seibert, are associated with their work 
on tuberculin 

We are learning new things about tuberculin. It would seem that a certain degree and 
kind of reaction may indicate a greater risk than average of becoming ill with tuberculosis, 
while a reaction at a different level may indicate an increased degree of immunity against 
becoming il] with tuberculosis. So the whole subject of tuberculin and its reactions has 
to be re-studied and re-evaluated. We know practically nothing about the nature of this 
immunity, this relative immunity which Trudeau observed. We know it is not in the 
serum; we know from Dr. Lurie’s work that certain cells of the body become trained so 
they are more efficient in destroying the bacilli. But, bevond that we know almost noth 
ing. We are reasonably certain from analogy with other organisms that only a tiny frac- 
tion of the tubercle bacillus is essential for its virulence. We can be reasonably sure from 
studies on other organisms that only a tiny fraction stimulates immunity, but we do not 
know which fraction. Maybe we will find it some day and have a much better vaccine 
than we have ever had before 

We do not know why people break down with the disease. We know they are infected 
by the skin test but why do they break down with clinical disease? And finally, we must 
know, before we can eliminate tuberculosis completely in the next one hundred years, 
how to kill tubercle bacilli in the body of a healthy individual before he becomes an open 
spreading case. If we could ever kill all the bacilli in the body before the patient had 
spread it to anyone else, then we would have broken, once and for all, this vicious cycle 
of infection and reinfection and infection of others. I thank you 


NOTICES 


The follewing dates and locations of the next two annual meetings of the National 
Tuberculosis Association and the American Trudeau Society have been selected and 
approved: 

1958— Philadelphia, Pennsylvania—May 19-24 
1959--Chicago, Illinois—May 24-29 


TENTH NATIONAL CONFERENCE ON TUBERCULOSIS—SAO PAULO, BRAZIL 
The Tenth National Conference on Tuberculosis will be held in Sao Paulo, Brazil, 
July 22-26, 1958. 
INTERNATIONAL CONGRESS ON PHOTOFLUOROGRAPHY 


The Third International Congress of Photofluorography will take place in Stockholm, 
Sweden, August 20-23, 1958. 

Detailed information concerning participation, program, et cetera, may be requested 
from the congress secretariat, Post Box 5097, Stockholm 5, Sweden 
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In bronchography... 


Here, as in other types of examinations, Kodak 
Royal Blue Medical X-ray Film proves its special 
worth. Through its marked ability to delineate minute 
details, it is an invaluable aid to the thoracic surgeon. And 
because it is the fastest film available, you can generally count 
on cutting previous MaS factors in half. Same time you can 
be sure of minimum blurring due to patient movement. 


In developing: To take full advantage of the greater speed of 
Royal Blue, it must be developed a full 5 minutes at 68°F in 
Kodak Liquid X-ray Developer and Replenisher or Kodak Rapid 
X-ray Developer 


Order from your Kodak x-ray dealer 


EASTMAN KODAK COMPANY 
Medical Division, Rochester 4, N. Y. 
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for AMPLE VENTILATION 
during BRONCHOSCOPY 


yxy 


EMERSON Chest Respirator 


A light plastic gown covers the patient from neck to knee and encloses a 
shell which arches over the body. The efficiency of this simple, inexpensive 
respirator is comparable to that of an “iron lung.” 

Tidal volumes can easily be kept at a safe, normal level during general 
anesthesia, and relaxants may be used freely. 

References: 
P. Toker: “Anesthesia for Bronchoscopy: Use of Respirator.” Sourn Arrican Mepicat 

Jovurnat 29:40-41, January 8, 1955. 

R. A. Green and D. J. Coleman: “Cuirass Respirator for Endoscopy.” Anestuesia 10: 369-373, 

October, 1955. 

“Chest Respirator for Bronchoscopy and Laryngoscopy.” AwnestHesiotocy 18:135, January- 

February, 1957. 

Please write for information circular: 


J. H. EMERSON CO. CAMBRIDGE 40, MASSACHUSETTS 


London . July . 1958 | | COTEGA 
NAPT | iid 


Commonwealth | D UPL ISNA PS 


Chest Conference 
incorporating the Annual Conference 


of the 
TISBRIH TUBERCULOSIS ASSOCIATION 


Royal Festival Hall, 
London 


Ist to 4th July, 1958 
DUPLISNAP carbon interleaved 


Representatives welcomed from countries . 
throughout the world Mail-Aids. Made in sets of 2, 3, 
| 4, 5 and 6 sheets, 33 labels to 
Details from: each sheet. Interleaved with 
NATIONAL ASSOCIATION FOR THE smudge resistant carbon. For use 
PREVENTION OF TUBERCULOSIS with typewriter. 
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ANTISTREPTOLYSIN TITERS 
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POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional words—20 cents 
each. Box number—75 cents extre. Employment Bu- 
reaus—$10.00 per column inch. Remitrance should ac- 
company copy and be sent to: American Review of 
Tuberculosis and Pulmonary Diseases, 280 Madison Ave. 
New York 16, N. Y. 


Cuest Prysictan: Available. Hospital experience for 
past ten years tuberculosis service Veterans Adminis- 
tration. New York license. Prefer VA position, Eastern 
States. Box 149, American Review of Tuberculosis & 
bem Diseases, 280 Madison Avenue, New York 
16, New York. 


Srar? Numse: Tuberculosis hospital gradually con- 
Me | to partial medical, in suburb of Cleveland. 
Liberal personnel policies include 30 days vacation, 
15 days sick leave, 8 holidays per year. Laundry pro- 
vided. Minimum junior grade salary $4025. Associate 

e salary $4730 with yearly increases. Non-house- 
eeping — available. Openings for both men and 
women. Write: Chief, Nursing Service, VAH, Brecks- 
ville, Ohio. 


STAFF PHYSICIAN: 600 bed modern tuberculosis 
hospital. Medical license or eligibility required. 
Hospital located college town, 30,000, Active out- 


tient department. Suspected cases admitted 
osis. Vacation, sick leave, retirement 
and security. Salary $9360 up, depending 


on Apply: Medical 
ern North Carolina atorium, Wilson, North 


PHYSICIAN WANTED: Moderate sized chest dis- 


case Residency training pulmonary diseases. 

Man, years, single. Graduate approved school 

with ape ne internship at least. Maintenance. State 

egg Rogers Memorial Hospital, Saranac Lake, 
ew 


WANTED: ASTRMA. Well-known hospital, expand- 

ing pediatric and adult asthma program, seeks in- 

ternist with specia] interest in asthma to head service. 
Such a man would come in on ground floor and hel 

complete program involving psychiatric, al- 

, and cardio-jyulmonary services. Social service, 

t patient rehalilitation, and research are major 

elements of prograin. State salary required. Box 150, 

American Review cf Tuberculosis and Pulmonary Dis- 

eases, 280 Madison Avenue, New York 16, New York. 


PHYSICIANS WANTED: Board eligible Internist 
for Florida State Tuberculosis Hospitals. Rapidly 
developing program with opportunities for ad- 
vancement. Beauliful hospitals. Furnished houses 
available. Libera) retirement and other benefits. 
Salary dependesit upon qualifications. Write: 
Roberts Davies, '\Mi.D., Director, State Tubercu- 
losis Board, P.O. Box 286, Tallahassee, Florida. 
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